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Astronomical Symbols (Contractions on p. xvi). a, 6, 6,A, arealac 
weed aa inferior indices to other symbols, 


a Right Ascension 
QO Latitude (celestial, geocent.) 
& Declination, +N, —S. 
€ Obliqnity of Ecliptic 
@ Sidereal tinve: af mean midnight 
A Longitudefoelestial, geocent, ) 
A + Wave-length, in Angetrome 
=0°000,000,1 tom. (pp. 22) 
a Proper motion (total annual): 
eek nly Coe A 
Be Micron, =1/1000th mm. 
r= 10,000 
pga hailionth mom, — ALO’ 
ev Frequeney 
= Parallax, annual, in"; Long- 
itude of peribelion (also a) 
Terrestrial radius 
Geographical latitude: +N.; 
if Georentric); Anile whose 
Rime oe CCM taht y 
Altitude of N. Pole 
Tontantion potential 
Asc, node-peribelion angle 
Longitude of perihelion 
Distance fr. Earth, in AU: 
Differenoe 
forf |) evmbeol of summation 
Longitude of ascending node 
Albedo: Amplitude (variable 
A or 42 Azimuth (stars) 
(Lf. Colour index 
4) Thiameter 
£ Equation of time; Eeoentric 
anomaly; Colour exoess 
(Gravitational Constant 
A or ¢ Hour angle 
AE, Heat Index 
f Intensity 
< Geograph. longitude, + W, 
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* With reference to tha Sin, 


Af Magnitude, absulute (indices, 
peaxvij: Mean anomaly 
P Period (orbital) 
/, Parallax, equat. horizontal 
A Kefraction: Suni-Earth dist, 
& Solar constant 
2 ‘Time of por lhelion passage OF 
transit: Tetp orature, 
7, effective; ‘f/f, colour. 
MoT, W, Velocity,* radial (re- 
ceding +), tangential, spatial, 
VV, 7.2 Rectangular co-ordinates 
a Somi-rmoajor axis of ellipse 
4 Semi-tiinor axis; Helio- 
centric latitude 
Galactic latitude 
Distance, in seconds of arc 
Eoventricity of orbit 
Acceleration dae to gravity 
Altitnile 
Inclination of plane of orbit 
Gaussian gravitation constant 
Helioemntric longitude ; Gal- 
actic longitude 
Magnitude, apparent 
Cinrclieies, tty, op, ay Hey BOE fh EG) 
Mass, Sun=1 
Mean angular motion (or i) 
Annual precession (general | 
Position angle, O-a60" (pn. o) 
equuct, horizontal parallax 
Perihelion distances 
Radius vector, in A.D; 
Distane® in [Murstes 
‘ Timeof observation; Hr. angle 
fa » mean: 4, True timet 
fo g of Epoch 
¢ True anomaly 
: enith distance (apparent) 
+ From Mean or True midnight, 


be = ey = m. 
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So = = 


= = 


For a complete list of aymbots adepted by the International 
Astronomical Union, refer to the Transactions of the 14.U., 
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PREFACE 


Tue firat Edition of this Atlas was published in the year 1910. The work was primarily designed tor those amateur 
telescopists whose instruments are mounted either on alt-asimuth stands or as equatorinls without graduated 
circles, It was also intended to be used as a companion to Webb's invaluable “ Celestial Objects for Common 
Teleseopes,” and Smyth's admirable “ Oycle of Celestial Objects,” both now out of print, Practically all the objects 
contained in the latest editions of these two works, down to and including stars of the seventh magnitude, are 
shown in the maps, also several fainter objects of particular interest. | | 

Owing to the plan and arrangement of the maps, and also on account of the large overlap, a view of about one: 
fifth of the entire heavens is shown on one folio, and no constellation is inconveniently broken up. The distortion 
is slight considering the large area represented. Altogether the charts indicate the positions of over 6,000 stars 
and 600 nebule, ; , | 

Asketch Map of the Moon, indicating the more important features, anc two charts of Lee Galactic regions, 
are provided ; the latter, having R.A. and Dee. lines as: well ns galactic co-ordinates, will be helpful in galactic studies. 
Bright variable and red stars are indicated by a small “y" and “Rk” respectively, but double stare could not be 
similarly lettered without sacrificing the clearness of the maps, For particulars of these objects, reference should 
be made to the lists on the back of the maps and to “Webb” and “Smyth.” 

For the 8th Edition the letterpress was re-arranged, and this new order has been retained in the present 
Edition. First come the various reference lists and tables on pages vi to xvi. ‘These are followed by the sections 
of the Reference Handbook :-— 





t Notes on Star Nomenclature. y. The Sun, Moon, and Plineta ; 
u. Notes on Astronomical Terns. Celestial Phenomena. 
mt. The Galaxy and the Stars. vi. Hints on Observing, 
Iv, Spectroscopy. vn. The Care and Use of the Teleavope. 


The underlying idea has been to furnish both the amateur observer and the general reader with = rerereucs 
book to which he can turn for an explanation of unfamiliar terms—observational terminology especially being very 
inadequately dealt with in text-books, These explanations are necessarily much compressed, but it is hoped they 
are sufficiently complete for the required purpose. Sources of fuller information are often given. — | 

The Conatellation boundaries naeel abe those prepared by Nona. E. Del porte, aoa adopted by thre [nternational 
Astronomical Union in 1930. The epoch of Mons. Delporte’s boundaries ts 1875, and by 1950 the change of their 
positions in R.A. and Dee., due to 75 years of precession, is appreciable. With respect to the stara themecives the 
positions of the boundaries always remain unaltered, | 

The kind and encouraging testimony as to the usefulness of my Star Maps given by professional and amateur 
astronomers, both at home and-abroad, especially in the United States of America, induced me a few years ago to 
begin to re-draw all the main charts for the new standard epoch 1950. The work has now been completed and the 
rewult is seen in this Edition, | 

All the main features of the previous maps have been retained, but with certain alterations :— 

‘a) Stars from the Revieed Harvard Photometry down to magnitude 630 have been charted, In tho original edition 
of this work, the star placea were taken mainly from Honzean's “Uranometrie Générale” A enrefal CANT PIA S02 
of the magnitudes of Honzewa's fainter naked-eye stars with the same stars included in the H.R, and tts Supple 
ment, showed that many of his stara are placed at a lower, sometimes o mach lower taagnitiude than Gas on thie: 
Harvard scale. Such stare have now generally been omitted. On the other hand, many Harvard stars, not in 
Howzean, have been inserted, as weil as several additional double stars from various sources, am 

(oy AML nebulae, except those of \aesier nod those classed by Herscliel i eH E cn), have ow rece. yed the NAA rte, num bers, 

‘o) Variable stars which revch at their maximum brightness the 6th or 7th magnitude, have been indicated in the maps 
by amall circles. | , ork 

fd) The Galactic Equator and Poles now adopted are those recommended by the International Astronomical Union, 
and differ slightly in position from those which have appeared in the earlier Tips, ; 

The Milky Way is in many places extremely complex, varying much im brightness, with cloudy wisps of light, dark 
spaces and dark winding lanes. No single-tint representation, such a8 15 used in this atlis, can satisfactorily 
represent it; but the outline of Proctor has been followed, for it does at least indicate the general position of the 
Milky Way and also suggests ite complexity. reece 

fe) The Abbreviation List printed in the margins of the 1920 maps was necessarily limited. It has been superseded 
by the complete List of Abbreviations given an page 55, preceding the charts. 

Since the recretted death, early in 1930, of Mr J, Gall Inglis, who was responsible for most of the introductory matter tp 
to page 44, T have been much indebted to his son, Mr RM. Gall Inglis, for some helpful suggestions, especially with regard to 
the rearrangement of the text, 

ARTHUR FP. NORTON 


July DS p. ili 








Abbreviations, sie vite 
Aberration . i 
Absolute ; Magnitude ; ; 17 

ag Parallax: 14; Hero, ; 7 
Adonis : E : ' oh 
Adroites: , ' a6 
Albedo, cf planeta, “z and List - wii 
Algol ( variable star) 12, Wap 3; Algolida 12 


Altitade and azimuth = ; 4 
Amplitude, 4; uf vee — : 12 
Anagalactic . : 10 
Angstrom Unit 22 
Anomaly, 5; Anomaliatic Period . a 
Antapex, Solar ; , 2, 
Antares =, ‘ ‘ Map i2 
Apex, Solar ; ‘ ae 
Aphelion, meaning af . . 4) 


Apogee, 5; Apoastron ]1; Apooentre 6 
Apparent, Seater fs apparent ee : 
Appulae ‘ 

Apia, Apuides 

Areouraphic, lat, & longit. : - Areoventric 3 
aries, First Point of, position of 2, 6 


Ashy Light, or Earthshine ; a9 
ASpect “ a : z 
Asteroids, or Minor Planeta : a5 


Astronomical Catalogues and let, +i, vii 
Unit, 14; Sonetios & ERT of, vii 
Syrobale . avi 

Atmospheres, planetary : a 

Almoapheric conditiena for obesrvitig: at 
absorption of light, 14; Table of 42 

Atoma, 24- ant Atomic No, and welght 25 

Aurora, $5; Obeerving  ., . da 

Axis, tn jur ‘and miner . b 

Agimuth . 3 ; : 4 

Baily's Bence ; ; 6 6 


Baimer Series of Linea : +3 
Barlow Lens ; . . 48, 4o 
Barnard's star \ : 16 
Baryeentre: harycentric elecnacite Ei 
etelrease . ‘ Mey § 
Billion, British ancl tv. a . 1h 
Black body TRIER 21: Drep, 42 
Bodle's Law . ‘WEE 
Bolide ‘ , aa 
Boundaries L ALU, Constellation > we 
Bridges, Solar aa 
Brightness : stare, planeba, zi; Moon a) 
Butterfly Diagram . ; ' 20 
Calendar, The ‘ oa 


Carringtou's Solar Rotations pine 


(Caabor 8 May 7 
Cmtad - Atetntanienl ; vi, vii 
Celestial Equator, Pole, &e. ; 2 
Centroid  , lh 
enn type’ variable stare 10, 12, ee 
Chrotiosphere ; ‘ . 
Circumpolar Stara . ‘ 

Clefta, Lanar 28, $0 
ees ar Dee 2 ts . bie, Mops 118 


e (dark gap in Milky i” rar 1 ! 
Goutens. meaning of =. 
—. ‘ ‘ 04 
qur-} Equation, Magnitude » 
Index, 16-17; of planets, viliy stars, vill 


Colures, Equineetial and oe: J 
Coma of ncomet . 36 
Comes, Comics z 11 


Comets, 24 ; entnel-seckinge : 40 
Conjunction, of Moon, planets fi 
Constellation Boundaries, TA. U., 1,2 
Constellations] ;contract'ne xvi; List bast p. 
Contact: first, last, 47; internal, external, 42 

Contour of spectral lines . 6 
Contractions - ‘ wil-xi, Z¥E 
Nobation ¢ ; ix 








i, mi, iY 

‘ at 

termlow, or Gegenschein ae 
Chross motion 15 


Pane 

camino, upper & lower, raeaning #, : 
Gea: Calli ic, Mstonte. ‘Sava ; 
tree Line ; PF 5 
Day ; Solar, Sidoreal, &o, 8; Den. ptai, =a¥ 
Degimale of a Duy, Hour, oy . xv 
Declination, 3: Declination Circle tt 
Defect of [lumination ; a 


Degree on star ephere, estinmting | ‘gue “xi 
Degrees: to RA. 43; decimals of av 


pay dea converted ; xi 
Dalene Dhaneta ‘ ai 
Soon of Sun and Planets j ao 

OMA ens . 7 
ete, Deuterium : O6 
Diameters: Sun, Flaneta, 22: star, 21 
Dissociation : ; 4 
Doppler Effect : a5 

‘Double-double" star in Lyra Map a 
Draconitie Perid , 
Durchmusterung, meaning of : vi 
Dwarl Stara ; 20 
Dr namometer, Berthun's . 45, 47 
Earthehine . ; 4 a9, 4! 
Eccentricity; eccentric anomaly . 5 


Eclipees | Sun and Moog, 87 ; vbserving 40 

of satellites ; 2, od, OF 
*Eclipse-etar" type of variable stare 12 
Ecliptic, The; Poles, Obliquity of, &e., 2 
Effect, Dio appler. 23; Stark, 24; Zooman 29 

Sala, 2: Purkinje, 42; Wilson 24 
Effective Temperatu re, a]. wave-length, 22 
Evress, ineaning of , ; . oO, 49 
Electrona . , 23, 24 
Elements; fized$,22: Chemical Symbols xvi 
Florgation of Flamets, Grentest 5, 42, 33 


Emeraion (Qeeultations) — a7 
Etiergy; Equipartition of 22: ‘atnien 2A 
Enhanced lines in spectrum ; 25 
Evrelope, of a comet ; ; a6 
Ephemeria, 7; American. . 1,38 
Epoch, 6, 7; of oculation , fi 


Equation af Tine, xii, - of Eiquinoxes'7 d 

personal, 7; colour, 17; maguitude 17 
Equator, Celestial . eu 
Equatorial Head, BI adjustments fia 
Equinoctial, The, 2: Haquincctanl oolure 2 


ee Meat, True, 2 + Verunal 2.4 
Eras. ob 
Errore of observation, i ix: aceidental 7 
Probable, ix; systematie t 
Excitation §, : ; . 24 
Extrapolation : ‘ : ix 
Eye; errora in observing . » -¥,42 
Eye-pieces; magnifying power, te. 4h 
= Solar ; : es] 
Fictitious Year, Bessel's : = 
Filaments . 4 ; ay 
Finder : ; : ‘ 46 
‘reballa , : ‘ ae 
Flatusteed's star numbers ; » S41 
Fingh ; Green and Hed ‘ a8 
Fleceuli ; . : é ay 
Focus ; i 
Following," meaning of . ao 
Forbidden lines in apectrum wah 
Frequency . ; ‘ 22 
Fundamental; Plane, 8: Stars i 


Galactia Centre, Equator lat, and longit, 
Plane, Poles, Space , 4, 10-11 
Galaxy, or Milky Way, and System 10, 11 
Gegenechein, The ; or Counterglow rd 
Geuitives of Constellation Names, Lag pag: 
Geocentrie latitude and longitude , 
Giant; Planets,d2;-Stars, auper-, eub- 20, e 
Gibbous, meaning of 7 
Globo, Colestial, stars shown reverend 40 


Gould's Belt of Bright Stars x 14 
Great Red Spot on Jupiter 7 a4 
Greek; Alphabet, xi; star letters, rene 3 
Harvard, Standard Regions 

Stur Types, 18: magnitude seals 16 
Heat Index, 17: Table nm. ; wil 


INDEX TO CONTENTS. 


ae Fe Ce. ep ae Se ee 


rack 
Heliocentric & «graphic lat. & sil t 
Hertaxprung-Ruaeell Theory 20 
Horizon 4 
Hour Angle, 5,4; Hour Circle a 
Immersion (Ceeuttations) aT 
Tnaceessi ble (in Spectra) 25 
[ngress, meaning of i . &, 42 
insolation of a planet ‘ oo 
International Angatrom unit ag 
Magnitude Sealo . : ; id 
Toterpolation : ix 
Interstellar lines, as; -matter 10, 98 
luvariable plane of Salar System a 
lonisation, 24: -Potentiata, ; ai 


Julian Period, Day, Yeur : 
Jupiter, Great Red Spot, tke, vn ; Group.3h 
A=term ; 16 
Kiloporses ‘ : 1h 
Krueger 60p 20 
Latitude, Celestia), 3. 4; Variation of 7 
Laws, Boado's viii ; Lane a2; 7 parce: a 26 


Stefan’ A “1 
Laver, Reversing : : a7 
Least Squares, Method of . ' ix 
Leonids, (fe Lear shower) , . fdas 
‘Levels, atomic  , ; : a4 
Libration of the Mow . 28 29 


Light; absorption in spare, 22; -time, 9 
“year, 1; yeur= pareocs, x j ‘velocity,15 
Limb, of Sun, Moon, and planeta 5, 98, 34 
lines, aieorption, 24; emission, 28: en- 
hiwmoeed, 25 ; Fraunhofer, da: forbidden, 


af + wined, Bh; ultimate, Be 
Longitude, Celestial, 4; Other kinds “3, 4 
Lumitre Cendrée, or Earthehine , 29 
Lanningsity 19 
Lunar, Moon, Map uf, ay 
Axis, 28: Brightness , oO 
Centre, mean, 20; Clefte . 28, #0 
Cruters, 283 -cones, -pite, index of, 30 
Harthshine, af + eclpees » a7, 40 
Faulta , : , ao 
Libraticn . . 28, 39 
Mountains, 25, 90, ols -Tanges 28, ai, 91 
Ne lature ; - j 20 
Oheerying ; 28, 20. 
Phase, ors Plains , : . a. 
Rudiation, 35 ; Bays, Rille 28, 20 
Sema a8, 80. a] 
Whircalinaice . ; 28, 20. #1 
Valleve. , ; : oo 
Lunation ‘i i ; 5 


Lyrids (variahle ture) 12 
Magellanic Clouds (star clusters}13: ‘Map 15 
Magnitude: kinds of, 17: of stars 16-17 
Table af, x; Seates of, 14: of eclipses 37 
Mapa; Moon, vi, $1, Mars, ke. vi, Star 7-7 


Mara. «oe, Oa 
Mase into energy. a0: -luminoutty: 14, 
Megaparsee , , as 
Mercury, $3; Gbeerving . 41 
Meridian, 8; On the, meaning of a 
Metagalnctic afmien . ; 10 


Meteors, %4: List-of showers, & observing43 


Milky Way, (3ee Maps) 11; Observing 4] 
Miner Planets, 5: namenclakune af ix 
Mira (variable ster) 12, 17 . . Map é 
*Mirid Type’ RSet stars | 12 
Molecules . : 7 24 
Months, tvypesof , 5 
Moon, ie Danae : 
Motion, types of a a 21, 1h 
Motion-forma : 2 ; ai 
Nadir, meaning of , ; ‘ 4 
Nauticn) Alimannac , 43 
Kebulm: Dark. 19; Obearvation of 42 
Speed of, 21 7 Trpes of 13 


Nebula, Named, with No, of Map : _ 
Andromeds, 3; Black-eye, 9: Cra, 
&: Drumb- bell, ig Kevhole, io; 


Lagoon, 14: Looped, ia; Omega, 1.4: 
Orion, 6; Owl, 8; Ring, if; Sa. 
kuirm, J, 








“* Nebutium' ; ; . |S 
Noptune . : ‘ it 
Neutron, Secure: ‘ ; ot 


‘New Stars, ee Novae 

Newtonian Refiector, adjustments . Bi} 

Nimbus, (lunar craters) . a 

Node, Ascending, dic, of planets orbit, 5 

‘Nomenelature, Cometa,ix; Meteora 44 
Mitor Planets, ix: Moon, 20; Novae, ix 


Siars, 1; Vi ariable Stare . ‘ ix 
Noon, Mean ; : ul 
‘North Point, mieaninig of . a 
North Polar; Distance, 3 ; Sequence te 
Notation, Contracted i‘ 

Notes, Making, while observing . 49 
Noone (New Stara} 12; magnitude . lf 


List of, viti; observing, 42; Super- 12 
Nubecula Majer, and Minor, 13 > difep 25 
Nucleus; aboma, 25; comiete, 36; aune pet, 26 
Nutation . . a 
Obliquity of Eliptic ' 2 
Observing, atmospheric conditions, dct. tl 


a7 


Sun, flageta, &e, - 40-44 
Qeeultation, $7, 41; Duration, -Period, 39 
of anes ECL 4 a4 
pacity : #1 


Opposition ; of planets, 5, whe a5: err 
Favourable, tntaning of . 


Cecolating Orbit ; : 5 
(eeu lation Epoch ‘ Po 
Parallax, annual, diurnal, fie: 14; Table wii 

=Light years. x 


Parsee, def. af, 15; = krn/sec. velowity ¥ 
= Parallax 

Peculiar; Motion, lit Spectra notation, 15 

Papas, “Creat Syuare’ of, defined 2, 37 


Penumbra, in eclipass, 37; in sunspote 26 


Perisstron, meaning of 11 
Periges, Perijave, a. meaning of bi 
Perihelion =, ‘ : a 
Period Lamitnosity Curve ; : en 
Periids: Sideresl, Rotation, &e. . i 
Perturbations ; ‘ 5 


Phase, 7,29; on Marsan Jupiter, a3, 34 
Phasia b 
Photography, Stellar, as photos, “1, if 
Photoaphere ‘ . 
Physically connected 

Plancts (nee ale wale idicideal sa 








Atmoapheres a i 
Density, Diameters, Distant : 54 
Inferior . i: we - a 
Magnitudes ‘ . ' li 
Major, 22° Miner ‘ » §6 
Notesan . : . Boh 
COhaerving, 41; Orbits of 4 dz 
Periods, 6, 32; Radivtnes 4 fi 
Specira > Superior : 5 ws 
Symibenla . ; ' » &v 
Tetiperature : ; a5 
Trojan Group sj ‘ : abhi 
Planetary Kebulm , : 14, 18, 42 
Planetographic : 4 
Plaskett's Star ; ‘ , 1 
Pleiades (star cluster), 11 Wap 3 
Phute oo, 
Polwria, or Pole Star | , frp 2 
Poles: Celestial, 2; ecliptic, 2; Galnetic, as 
Pores, Solar ath 
Position Angle, meaning of, ee, 3, 0, 25, of 
Positron : a5 
Presa fata cluster); - Map? 
‘recoiling. North, & South: ineaning oa, a 
Precession, vi, 6: of the Equinoxes 6 
Table of . , ; ; Ev 
. a: Bye 
Prime ‘ettioal, definition of 4 
Procyon B. 17 


Prominences, Solar, aT; : bow bin sie: 4 
Proper Motion, 15, vi; Stara with areal, hi 
Protons a 


be 


Proxima Centauri . ; 14, 1% 
Paeudo Cepheid Stara ; : Tz 
Purkinje Effect . + a 
Guidrature of Planeta, dec. é 


I 


jie 
i if 





INDEX, 
(fuantum, quanta » 2 
Radial Motion and Velocity ‘ li 


Radinnt Point of meteorshowers, 36; Lint i 
Radiation; -planetary, i); -pressure 21 
Kadina Vector : ; a 
Tay, or Flash: Green, ited : a8 
Kava, a, 4, ¥, eashode : Raies ultimes 25 
Recession, meaning of f 
Refraction, 7 ; 


Table of, x 
Reinmwuth planet . ao 


Hésenu, Salar, ke, . f , a7 
Residuaje . : : ix 
Resolved, definition of 7 ; 11 


Retrograde mution,6 : sich chaning 
Reversing Layer . i: wy 2a 
Right Ascension, 3; at 5 pt m, to a.m. 2i¥ 


ki Conversion into ree 44 
Rings, A-, £-, - , ‘ a4 
Hoorn Leltere to denote store: origin 4 
Rotational Term of Galaxy : 10 
Rotation, eynodie, adereal 6, 323-5; stars, 2] 
Husseil [Mugram . ; : 14 
Saha Effect . : 26 
Baro Cyole a : q 5 
Saturn, rings, &e, will, 32, $4 


Sculea of Magnitude, Harvard, &.. 14 


Herecns; water, quarts, fluorite . ae 
Seovli’s Star Types . Li 
Secular Acceleration, 6 ; Perioda ; t 


Selected Arena, Kapteyn’s ‘ vi 
Selenographic latitude & longitude 3,4 
Sensibly, At ronarnical meaning of 2 
Sequence; N. Polar, 10; Main , 18 
Shadow, or aobra, in eclipses é a7 
Shadow Hands ‘ + af 
shooting Stare (mMetveure) . ab, 44 
Sidereal: periods, 6, $2; -Time,§,%& Talila xtyv 
Signa of the Zodiac, J; Symbols ditto, xvi 


*Sirian” aml ‘Sirinn-solar' Stare, 18 
Sirlometer , : ; -10, 14 
Sirius : Map § 
Solar, Sun : 
Baily's Beadle =. ‘ 27 
Constant, Corona : E af 
Eclipses , : on 
Facula, 24: Fincoull ; ti 
Magnetic Pole ' a 


Observing, 40: Prominendea . 7 


Rising wnill Setting of mii, Sit 
Retation, 26; Spot «a8 9 
System Table of , : ‘ a2 
Temperature ; . a7 
Solatices, Soletitial Colure, Points a, 4, 6 
Soothing, meaning of j F a 
Spectra, Absorption : ae 
Rand, Emissen, Flu bed . 2a 
Notation , ‘ 18 


simian 40 


Spectroscopy 22; ata. of ft 
18-19; Flash 27 


Spectrann, Shar clase fem by 


Standard Regions, Harvard a vi 

Bepuares, Wethocl of Least . ‘ ix 

Star, Stara, Stellar : 
Bayer and Lacnille Letters HT 
Binary, 10,11; slew Liste, Wape I-28 
Brightest, Liat of , ‘ ie 
Brightoess, 14-17; Table of - « 
Catalogues » Ti, FEL 
Charts, why they get uk ‘od data ith 
C ireutapotar 2m 
Classification by apeotins . . 18 
Clock of Fondamental . , t 
Clouds , Il 
Cluaters, 11; alsa Lis at oss. 1-26 
Colowra, 1s 
Counts , ; b ‘ vi 
Densities , : ; vO 
Tiatietere a : ‘ zt 
Distances ; i 
Doulle, Triple, Le, ll: Lise meant: «iff 
Drift 1h 
Dwarf =. . ‘ oi} 
Early and Late Type ‘ ‘ 14 
Ellipeotdal Varta bles A a 12 
Faintest visible . ‘ . 14 
Fixed 4 i i 1 a 


| 


7 


Star, Stars, Stellar—Con | 5, 


Flamateed Numbers - 
Gauges. 7 a ian 
Gian pubs au ‘ ~ 281 
Grou nu per . . Fi i 
Lucid, “definition of 4 - 
Maguitudes, 16; fist af a x 
Almasess a a z Ps ao. 22 
Names, List of a . | 
Nearest (Proxima Centauri) . 14 

” dastaf, . 4 ‘ wal 
New (Novus) =. ; . 13E- 
Nomenciature  . ; . 
Puraliiz, 14; Table of , i: 
Photographs 11, 16, 49 
Hatio, ‘ 14 
Rising and Sottiie uf xiv, 2 
Retation . i ‘ 21 
Sphere * 2 
Strenining, and V artines . : 18 
Temperatures, 21; Twinkling . 35 
Types or classes, . 1&19 
Variable, vi, 12, 42; (Hhearving.. 42 

e Lista ay, Mopa f0f6 
Veloitios 18, 21,22 


Visible and in visite from ony pluce 2 
Stellar, see Stor 
Storm, Magietic . . aT, 38 
Sun, see Soler 
Surface; «Brightness, 18; of planets = a0 
Sy mbola & abbrevt tations, ABLron, vil, x¥i 

» se also facing Front corer 
Synodia Periods . . G, 2-34 
System: Solar, $2; Stellar, or Galactic, 10 
Syergy, definition ‘of : Ei 
Tangential Motion and V abocity ' 15 
Telescopes, 44; Care of, ane: Cleaning 49 


Adjustmenta : ' 0 
Equatorial Head . J » 61 
Howse 47 ; Stands a ; ws 
Magnif inj ar, &e,, to fin 
Eenarating paver of 14, 46; Teste for 46 
Telluric Lines a 


Temperature, Absolute, dor. 2; Tables, xi 
of Stare, 19-21; Sut, 27 ; Planets 35 


‘Temporary Stara, cr ‘Nove. 12, ix 
Terminator, Moon's - 08, af, o 
Tide-interval 

Time, Varies ictricle, a5 Equation ot ‘i, s 
Topacentric 4 ' 4 
Transit, upper aad lower, I 


Transite 4; of Mercury and ne 8. a7. 42 
anf Jupiter's aate) lites ad 


Transitions (atotnic) i 24 
Tropic, definition of ‘ ; a 
True, definition of . ‘ : i 


Twilight, 34; duration af, xi¥ 
Twinkling of Stare, 38; of Planeta 32, 38 
Ultimate lines in Spectrum oF 
Uta Neptunian Pinnets . oo 
Umbra, in eclipses, 87; in sunspota ab 


Unit: Astronomical Unit Distance la 
Universes, Island . 13 
Tranva, and moons, +4 t mnagnitude,!7 a2 
Von Maaneti's Star . * 20 
Variable Stare, typea of 7 17 
Velocities, Radin, de, 15; Star . 21 

1. Vill 


Velocity of Eeenpe . 
Venus, $3; Ohaerving a 
Vertex of Sun, Moon, and planets 
Vertical, Prime, definition of 
Vesta 4 at 
Walled Plains ; . 26, 0 
Wavelengths, various, 22; tong, short =4 


. 33,41 
a, fh 
4 


Weight, of obserrations  . . 14, ix 
White Dwarfa ; » oo, a) 
Wilsom Effect 6 
Wolf-Rayet stare. 12, 13, 10 tniudla. 42 
Wolf's Sunepot Th oe, ‘ i ar 
Years, Various kinds of r é a 
aeeran ldfect ; ; py 
Zenith 4 
Sener lat. & lene: t Zenocentric a 


Zodiac, 2: Symbols and Signs 
Ao ioonl Light and Zodiacal Hand . 96, iI 








vi ASTRONOMICAL CATALOGUES, CHARTS, dv. 


Star Catalogues ure mostly found only in the annals of observatories or astronomical societies, They are of two 
types: (a) Catalagues of precision, giving the positions with all possible accuracy ; (b) Durchmusterungen, designed to 
vive atar positions to mag, 9 with moderate aceuracy only. 1900 is the standard epoch for the present (T.A.U., 1955). 

A survey of star catalogues from the time of the eurliest Greek astronomers till well on in the 13th century, will 
he found in the Memoirs #.A.S., Vol.43: the triennial Transactions of the LA.U. reviews the latest issues, See also 
Valentiner'’s ffomdedrierbuch der dstronemis, Some notes on catalogmes are piven below ; various contractions, on pe. Vil, 

In star catalogues, the + and — signs for precession and proper motion ure added algebraically, so that in 
correcting the star's place, /ike signe are adeded, u nitke supne eubtracted, 

General Catalogues;—The most complete catalogue of precision is that of the Astronomiache Gesellschaft (4.6.0. or ALG ) 

which gives positions for all stars to tug. 2, N. of 20° 5, Dise, 

Boats Preliminary General Catalogue (P.G.C., 2nd Edition, 1915), gives accurate positions and proper motions of all 
nuked-eve eters: magnitudes are on an old light ratio, sec p. 14. Amore extended one is in preparation, 

The Henry Draper Catalogue (FLD), gives the positions, magnitudes, and #pectral type of 225,000 stars ta neowt magnitude 
10 (4.A., vole. 90-99; precession and proper motion data are not given), Earlier works are the Mevived Harecra 
Photometry (ALR) 1908, in ff.d. vol, 60; the HP, 1808: Gould's C.G.A., 1886, and @,4,, 1879. 

Dritter Fundamental Aatalog, (F.K.38) of the Berliner Astron. Jarbuch, To be used as basis of international ephemerides, 

Schieaingera Catuloque of Bright Stara (B.8.) to mag. 6°5, Pab, Yale Vatwermty Obs, 1930, [oy aicte, 

Hackiouses Cut... 1911, of all naked-cyestara, is good and inexpensive ; the magnitudes of various authorities are given side 

The VLA. gives some G0) bright-star positions annially, The Geseichte der Fiicaterniammets (G.F.E,), when completed, 
will contain all meridian observations made before 1300, 

Parallaxes, ScAlestnger's Cateloque is a compilation of all published parallaxes, revised to 1935 (Pub, Fale University Oba.). 
Boss's PGC, see above, Spectroscopic Alaotute Magnitudes and Paratleres, Mt. W. Contr., No. 511, 

Proper Motions. —/foss's /G.C., sen above, Pub. Cinetaneati Oleerr,. vol 18, gives all proper motions known to exceed [O° per 
century, The Bigenbewegungs Leviton (E.B.L,, Hamburg Obs,), gives references to all published proper motions ta 1935, 

Radial Velocities,—List of over 1000, lp, .f, vol. 67, Moore's Raatial Velocity Catalogue of Stars, Nebula and Clusters, uh, 
Lick Ota, Val. 18, 1082. 

Nebuie- and Clusters,— The standard work is the (N.G.C! or New General Catalogue (in vol.49, Memoirs AAS), extended 
by the Snder Catalog (LC.), 1004, 1908; see aleo Melotte's list, Mem. AALS. vol. 60, party. p. 125, For lists of the 
Globular Clusters, see ATA. vol. 76, and J.0.0. Bulletin, 77h 

Dark Nebule,—Barnard’s Photographic Atlas and Catalogue of Dark Nebulm. (Ap. /., vol. 49, 1919.) 

Variable Stars.—See Hagon's Ativs Stellarwm Voervelelinm with entalogue (1800-1908) ; various publications of Harvard 
Collewe Ohaervatory, and the Reports and Annual Handbook of the B.ALA. 

Double Stars. —Buradam’s Generul Catefoque of Double Stars (B.G.C.)}, and additional vols. Aithen's Double Stora (A.D, by 
within 120° of N. Pole, epochs 1900, 1950 ; all measta. te 1928; practically 8.6.(. extension ; Pub, Carnegie Matt, Vo. 17, 
2yolx, Jnnes's Southern Dowde Star Catelajue (5.0.5), south of -— 19, about 1927, Moore's Powrth Catalogue of Spectro- 
scone brncries, (L000, 453), 

Minor Planets,—History aud summary of all work done up to (i081) (1928), Pub. diab Obs, vol. xix, It 

Map of Mereury by M. E. M. Antonini, in £’Aatronomuie, et, 1936. 

Map of Mars, by M. E. M. Antoniadi, in four plates, Svo., in L' Astromomes, 1930, p.411. A beautiful map, from the same 
author's La Planate Mars, 1659-1999; 240 pp. 4to., Paris; a valuable summary. See alao Webb's Celestial Objects, 

Maps of the Moon. See p31; also “Who's Who in the Moon,” notes on all lunar formations adopted by LAU, (Mem. #.t.A., 2005), 

'Wave-lengths,—/fowlone's (Rerized): 2h, Caomnepie Institute, No, SOG 

Galactic Co-ordinates, Tablo in SoAlesinger's Catalogue (B.8,, above), and Lund Annals, vol, 3, 1992, for 12h, 40m. +28", 1900; 
also in Wf ¥,, vol.53, p. 74 (Marth, sce p. 10). See also Charts 17-18. 

Telegraphic Code (L.A.17., Revised 195) See BALA. annual Honadbook, 1036, for the more important iteme, 

The Year's Progress.—See the Annual Report of the Royal Astronomical Society (Feb,), a valuable summary ; 
it gives the names and numbers of the recognised minor planet discoveries. The Yearbook of the Carnegie Institute 
gives some usefal summaries. Seience Abstracts (Physical Section) indexes papers in the principal astronomical 
publications of the world, See alsa the Bulletin Astronomique, and the Astronomuche Jahrbuch, 

For earlier astronomical literature, the futernational Catalogue (discontinued 1917) indexed annoally, under 
the various subjects, the papers in the principal astronomical publications af the world. Houzeau's Made Merwm 
de T' Astronome (1882) is algo a good guide. 

Star Counts or Gauges, originated by Sir W. Herschel, are used for ascertarning the distribution of the stars 
on thé star sphere. A number of representative areas are selected: the stars in each are carefally counted, and their 
positions, magnitudes, proper and radia! motions, spectra, and parallaxes, ascertained, so far avis possible, A Table 
of the number of stars of each magnitude, per square degree, is given in the B.A.A. Handbook for 1926. 

Selected Areas (Aapteyn's; S..A.), a great photographic Star Count of some 150,000 stars (limiting mag.16, Inter 
national), had, as planned, 206 representative areas, cach 7H square, or circles 427 in radius, on or near the cireles of 
Nand §. Dee, 0°, 15°, 30", 45",60°,75°,90"; also 46 Milky Way areas: this, however, proved too onerous for rich regions, 
and some areas were restricted thus—Galactic longitude N. and 5,, 0°-20", 40° x 40°: 20°-40°, 60x 67; 40°-90°, 80 x 80. 
The results are being published by the various co-operating observatories over the world; refer to Trans. f_A.U. reports. 

Harvard Standard Regions.-Similar to the ¥. Polar Sequence (p12; ALA. vol 78, No.8). A catalogue of 2500 starz, 
siving magnitudes, spectra, colour indices, &rc,, for the whole sky ; 48 centres of 30° ench ; H.4., vol. 76, No.4. 



















ASTRONOMICAL CATALOGUES, de. vil 


Astronomical Societies, Publications. &e.—Contractions commonly used, Standard contractions are now being prepared. 














































first list of General Contractions, and those for Places., see Trans. LA.U. 1928, General. 
Publication, or Sortety, Pubfiention, or Socvetiy, | An, Annuals, 
AAS. American Astronomical Society. HWA. Harvard Observatory Annals. dop, Append y, 
A.A.V.S.0. American Association of Variable Star | H.B. 9 Harvard Bulletin. dee, = Association, 
AE. American Ephemeris. [ Obaervers, H.0, Harvard Circular (Harv, C.). i, fell, Bulletin, 
AG,  Astronomische Gesellechaft. H.C.0. Harvard Cullege Observatory. Cat, Catalogue, 
AJ” Astronomical Journal. LAU., LUA, U.LA. Internat. Astron. Union. | Ci rr, Circular, 

} AN. Astronomische Nachrichten. J, Journal, {preficed to Society narneae 7. BLA), | Cont, Contributions 
ApJ. Astrophysical Jourtel. 7.0. Journal des Ohaervateurs, Ean. Edition, 
A.S.P. Astronomical Society of the Pacific. LO.B. Lick Observatory Balletin (Lick B.) | Zi International, 
EB. Baualletin (Prefixed), MN. Alonthly Notices Koval Astro. Sorety. fet, fast. Institute, 
BA, British Association. | eRe ene (At. dle, Memoirs, 

s Bulletin Astronomique. Veet, Nature. Mog, Magazine, 
BAA. British Astronomical Association. N.A. Nautical Almanac, (., Ube. Observatory: 
BAN. Bulletin of the Ast. lost of the Netherlands, | (ba, The Observatory. Pr. Proceedings. 
BA. Berliner Jabrbueh. Fr. Publications, Proceedings. (prefixed toforiet | Pub. Publications, 
B.S A.F. Bulletin do ln Sooieté Astronomigiue de PA. Popular Astronomy, [Thier 1h, PAP), or Published 
C0, Cincinnati Observatory, [France| P.A.8.P. Pub'ns of Astronomical Socy. of the Pacific. | ft Review. 

CR. Comptes Rendtis {Paris Acad, Sciences). Phil, Trans, Philosophical Transactions of the Royal | dip. eport. 

CS; Connnissinoe dea ‘Temps. RAS, Royal Astronomical Society, [Soey.. | 4., Soey. Society, 
DAO. Dominion Astrophysical Ohsery,, Victorin B.WAS.C, Royal Astronomical Saviety of Canada, M, Soni thao ian. 
1.0), Dominion Oheervatory (Ottiwa), [B.C.) B.A. scientific American, (Tr. ‘Transactions. 
E.B. Encyclopedia Brittannica. "8 Selected Areas (Aapteyn's), p. vi. ‘of. = Volume, 
E.M, English Mechanic, U.0.C. Union Observatory Circulars. YA, Yearbook. 


| Va. Verteljahrsschrift der Astron. Gesellschaft. | 2% Zeitechrift 


Astronomical Catalogues.—Contractions in ordinary use the letters are often used without points), 




























Contraction, With sunther edded, —Vuenber in: — Comtrvecticrt, With eender cefctect, = umber oy i— 
(ACA A strographio Cataloone,*® to nog, 11 {in progress). H.D. Heory Draper (at, 1918-24( vols, 01-88, Harvard Annals}, 
A.DS. Attken's Double Star Catalogue, 1992 (see p, vi}. H.P, Harvard Photometry (Pickering), 1864. (HLA, vol. 14}., 
4G. AG.C. Astronomische Gesellachaft, Catal,gues (see p.vi), | H.R. (aleo RJALP.). Revised Harvard Photometry, 108 (vol. 60, 
(Arg,) Argelander, (See B.D, helow), [Also=C.G.A. 1.0. Index Catalogue, extension of N|G.C. 1904, 1908, [4a i. 
(B.) ‘Birmingham's Catalogue of Red Stars, 1877, (Seo E-B,), | (Jac.)  Jacob'a Catalogue of Double Stars. 
EB: (In Neraetecte t! Atmenae) Borle's Cats vogue, LT PAbl, ( Lane, Lacaille’s Catalooue of Southern Stars, Epoch 1740, 
B.A.C. British Association Catalogue, epoch 18a | Baily, TRAD), published by the Eritish Asaociation, 1547, 
B.D. Bonn [ure hmusterung (Alrgefonoder) to mag, 9, 1659-02,* Lior Lal, Lalande's Cat., Epoch 1800, pub, by the #.4., 1837, 
2* to 28° Sonth Dec.. extended ly Se hinfield (BRO). | MM. Messier’s Catalogue of 103 Nebulw & Clusters, pals L784, 

Burnie Double Star Catalogues (not hia General Cat, Reprinted, Gia. Aug. 1018; and P82 Aug, Lay, 
£.G.0. Bornham's General Cat, of Double Stars. [Gr A, } N.G.C, New General Catalogue (of Sir J. Herschels Nebule and 
Hr. Auwer's reduction of Bradley's Observations Clusters, Dreyer), P8858, Vol. 49, Memoirs, RAS, 


(Bris.or Br.) Sir T. Brisbane's Catalogue of f Southern Stars, [RA, O.A. Oeltzen's reduction of Argelander's Zone Observations, 
ey i af rag Linern ' f wnloeneitiere vols IT 2 
C.D, Cordoba, Durchmusterung, 22° to Ga" 5. [i Gouta) LSS, seal Patents General ( ca (Eapplementary vole ra ie.) 
CGA, Catalogo General Argentine, 92,448 Southern Stara. P.G.C. Preliminary Geers! Cutalogne of $188 stars (foes), 1910. 


O.P.D. Cape Photographic Durchmiistering, to mag, 9, 1° to ph. Great International Photographic Star Map. 
on" South Hee ‘Gill and Kapteyn), 1896- 1 £0, Fi. Piazzi's Star Cat, epoch 1800, 1804-14.T 

OF. Cordoba Zone Cat. of South Stars, Nos, in zones of Dec.* | Ros.) Russell's Double Star Measures (Sydney), 1591, 

(24) Dunlop's Catalogues of Double stars and Nebolm, 1828. 3.) South's Measures of Double Stars, 1826. 


(E-B) Espin's edition of Birmingham's Oat. of Red Stars, 1588. (aah | Se LLL Observations, Ta76. 
E.B.L, Eigenbewegungs Lexikon (Memburg Obs.) of all known |S.D.8, Southern Double Star Catalogue (Jina) 1927, 


FE 9 Dritter Fundamental Katalog (p, vi.), Lproper motions, (SMP) Southern Meridian Photometry (Harvard), 1895, . 
G. (tn Brit. Naut. Almanac) A. (St.) Stone's Cape Catalague for 1880, or Radeliffe Cat, 1890, 
G.F.H, Geschichte des Fixsternhimmels, see p. vi. W.E. Weisse's reduction of Beasel’'s Zones, equinox 1825; Nos. in 

Gr. Groombridge'’s Cat, of Circumpolar Stars for 1510, 1838, WiZ.C. Washington Zodiacal Cat, 100, 1930. [hirs, of FLA. 

H. Sir W. Herachel's Catalogues of Double Stars,17S2-1822. U.A. Urenometria Argentina (Gould), 187%. 

: {In Mawtiea! A Himeructe } Hevoline's Catalogue, 1600, U.O, Uranometrin Nova Oxoniensis (Pritehard), 1895. 

| Ht. ( ) Heis!' Catalogus Stellaram, 1872, Wilhelm Struve’s Dorpat Cat. of Double ‘Stars, Leary. 
(Houz.) Hoassuts Uranomdérie Générale, 1878 do, do Appendix I. 


‘h. _ Sir J. Heruchel's Catalogues of (1) Nebulw ,1893, 1847 ; Oe Ceniyes eeu ee Catalogue, 1850. 
. and (2) of Double Stars. (022 Pulkova Catalogue, Part 11, 


* In thie cusethe sone is stated os well as the sumber+ this B.D. + i. 2902 means star No. 2802 in the 13" zone, north Dec., in the B.D. 
* The numbering commences anew in each hour of R.A: thus V" 123 denotes star No. 129 in the gone of fh. BoA. 





| 











vil ASTRONOMICAL TAGLES. 

Bode's Law.—Taking Mercnry as 4, adding 4 to each term of the geometrical series 4, 6, 12, 24, &e., gives the approximate 
distances of the planets up to Uranus, but not Neptune's: Pluto is near the position Neptune should oveupy, No reason is known 
far thix curious relation. Bode remarked that a planet was missing at the distance where the usteroids were digcavercd later. 


Planet , Mercury Venue Earth Mars Asteroids dupiter Gaturn Uranus Neptune Pluto 
Geomelrical Serica a a é 12 4 as ta 1 Hed 763 
Astol Tt 4 4 4 4 4 t == A 4 + 4 
Dist. fr. Sun, Bode 4 4 LO 16 a sad 10) Lae as5 TT 


» #&ttual .. 39 2 to 15'2 27.4 52 95°4 ge gor 395 


Albedo of the Planets. Rus«ell's figures aro for Bond's Allvdo (somewhat ditterent from Lambert's original definition 
on p. 7: see Ap, f,, vol. 43, 1916), 


Albedo :— Mercury Venus Earth Moon Mars Jupiter Gaturn Uranus Heptune Piute Clouds 
(Zoliner, LA) oe THe TM) co ‘li a7 “2 be Hd +9 a ‘| Seven 
(Miller, B07) ws ee “Th “20 ‘13 “12 "fz ‘la “FHF ne “ss ee hic 
{Russell 1916) oe | i “aif SOT "Ld Dis “Fisd “he Ta te ee =1.°TS 


Saturn's Rings.—Approsimate date of Earth passing the ring-plane ; and Saturn's heliocentric longitude, Dates not 
“7° ape minima: the Earth did not quite pass the plane of the ring in 190, though extremely near doing 0, 

Date int, long. Hate fat, long. Late fot, long. Date fat, Tong. 
1880 Tee, 13. — 7" 1534") 1907 Apr, 13. O° 349? |) IDB Nov. 7. O° 1G 1936 Jun, 28. ( +0") sa 
1891 Sept.22 O° 170)" ,, Got 4. 0 Sod 1921 Feb, 22. O° 153° [abe Fob, a1 0 0 one | 
1882 May 31, +04 1794°|)1908 Jan. 7. 0" 358° Aug. 2. 0° lay » Nov, 28,.—f_" 4 


Parallaxes:—Sun, Adopted at Paris Conference, ll. 80. 
Moon. Equatorial horizontal parallax, at mean distunce, 57 2°"7. | 
Asteroids (approximate maximum), Aros, 62". Amor, 73". 1982 H.d., 4. Acoma, BH’. 
Stars, ‘The parallaxes of several of these are given in the Tublea of the Brightest and Nearest Stars on page 53, 




















rs 








Planetary Colour Indlees, &c.—* Sun’s Radiation” gives the amount received per unit of area, 
fwWercury Venus Earth Moon hal are Jupiter Saturn Uranus Neptune Pluto 


Colour Index (Sun O72) +... +00! we)|0CU ED OT 0G 4+ FO vas Oty Ha 
Suns Radintion ... 6 1a lt 1?0)6hClC4slC COCO OT 0E | 
Velocity of escape, km/seca 26 102 112 e4 8 6 a0) ait} a] aa St caw 
Stellar Colour Indices.— : | 

Tyme of Star. sak a. QO EO AO Fi ir) Ko M Ma Ne R 5 

Colour Index, wet . Giants. =-032 O00 +039 4086 +148 +198 ... +60 
da ei .. Dwarfs... —-O38 off 40°38 +072 +030 41°76 

Heat Index (average), in Magnitudea 2. 9 -O1 O08 +403 407 412 +25 
Surface Brightness, » Glants... -32 -23 -10 400 +23 +45 

do , Dwarf... -38 -83 =-190 OO +12 +75 


Novee.—Many so-called New Stars have been recorded in yeurs previous to those given in the list below, Thus the 
appearance of a new star about the year 150 nc, is asid to have led Hipparchus to male his catalogue of stars: But generally, 
the old records are vague and indefinite, and, in some cases, undoubtedly refer not to Nove but t comets, 

Modern Novm#.—Only the brighter Novw are included in this List. 

Sateen PRY EEE helen a, vom SURE. tne |, Botton gn 
1572, Cassiopeie (B) >1| 85°] + 2°) Oh 22m) +63" 53° Arm 0 +s. 80 | 302") — 5) 16) 37m |— 52° O0 
1600, Cygni da, 1 (Ph) Fo 45;+ 0/20 16 +37 & Geminorum No.2 23) 152) +16) & 52 |+32 12 
1644, Ophiuchi No.1 >1 | S32/+ 6717 8 | —21 27 Sagittae ae TR | 2) - Piso 68 [427 BB 
1670. Vulpeculm(11}... 3) af) - 0/18 46 | +27 11 Ophinchi No.5 45 | 821) 4+ 8/16 50 |-25 33 


Yenr 














1448. Ophiuchi No.2 5b B44 | +418)/16 87 | —12 48 Aquile No.3 -O7 a — 1/18 «6 |+ 0 38 
1800, Seorpii (T) .. 7/321) 418/16 14 | -22 31 Ophinehi es es eee ee te Oe ee 
1966, Coronm (T) ... 2| 10| 447/15 87 | +26 4 Lyre , 6b) 87141718 Bt l+en 9 
1876. CygniNo.2(Q) 3] 58) - 8/21 40 | +42 34 CygniNod ... 18) 55) +12)19 57 (+53 29 
1885. Andromede (5) 7) 88) -21/ O 40 | +40 58 Pictoris (RR)... 11 | 240) —25 | @ 35 |-62 3B 
1887, Persei Nol (V) B82) 100; -— 4] Lt 5B | +56 20 Hereulia co DD) 40) 4235 )18 7 [445 G1 
1891, Aurigs (T) ... 4) 145)- 0] 5 29 | +50 25 Lacerta .. 20] 70) = 1/22 14 |445 23 
1893, Norma (EH) . 7 | 205) + 4/15 26 | —80 86 Aquile ae TO] 66) = BI 1b |+ | Ss 
1895. Carine (BS) ... 8) 259)- 1/11 6 | —61 40 Sagittarli ... 45 | 928)/- 8/18 & |-34 21 
1895. Centauri(Z#) ... 7) 289) 420/13 a7 | —31 23 Aquile . £0: Il) — 6/19 24 |+ 7 30 
1808. Sagittarti Nol 47/)350|/-10)18 49 | -13 14 Puppia .. O4 | B21) 40] 8 WO |-35 1 
1899, Sagittarii No 3 85) 935| 6/18 17 -25 1a tn | 

1899, Aquilm Noi... 7) 4|- 8]19 18 |- 0 14 

1801. Persei No? ... 00/119) - 9) 3 26 +43 a 

1908, Goeminorum Noi 51/153) +13) 6 41 | +30 0 i ory Ae 


105, Aquilm No.2... 9] 358) — @ 
1910, Sagittarii No.2 7-4 | 341] — 3 
1910, Lacertm No.l 4&0 | 71! = 3 


1a 0 /})= 4 di 
ly oy | =2; 33 
22 oo | +O2 Fe 
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NOMENCLATCURE, de. 


Nomenclature of Minor Planets, Variable Stars, Nov®, &c.—Systems that answered well in the early 
atages of discovery inevitably tend to become inadequate or unwieldy as discoveries increase, and from time to time 
they have to be revised. The following modifications have been made in the original systems. 

Minor Planets. Each new discovery, before the number and name is given (p. 35), is temporarily assigned distinctive Roman 
letters, as not infrequently, a supposed new asteroid proves to be identical with one already known. Originally a single 
letter sufficed, and the year ; but in 1899, the double jorm AA to Ad, BA to BZ, &c,, was introduced (7 being omitted), 
this new series being continued right on until 22 was reached, instead of beginning the alphabet afresh each year, A 
second alphabet was begun in 1907, with the year (1907 AA, dc), and a third in 1910—terminated with U.A., Deo. 31, 
1984, when a new ayatem was started to enable belated discoveries to be inserted in approximately their proper placa, 

Under the present system of temporary nomenciature, the double alphabet begins afresh each year; the discoveries 
ef Jan. 1-15 are AA, AB, AC, &o.; of Jan. 16-31, BA, BB, BO, &.; of Feb, 1-15, CA, CB, &c., the year being added in 
each case: if more discoveries than 25 in half a month, AA,, AB,, &. Minor planets are in the care of the Rechen- 
Institut of Berlin, which attends to the numbering, &e, When unnumbered, the orbit ia not sufficiently certain, aa 
1982 HA, but o name may be given, aa it is more convenient for reference, (Annual summary in Af_¥., February}, 
Janu, A,B; Feb. C.D; Mar. EF; Apr. G,H ; May I,K j June L, Mj July 8,0; Aug. P,Q; Sept. R,8j Oot. T,0; Sov. ¥,W: Dec, ¥, 
Variable Stars. Argelander designated those not otherwise lettered or numbered, in any constellation, by the Roman eapital 
letters, R,S,T, 0, V, W,%, ¥,Z. After Z, the double form RE to RZ, 55 to S24, TT to TZ, and so on to £4, waa 
used, which provided for 54 variable stars in any constellation, As that number proved insufficient, AA to AQ, BE to 
BO. and so on, was employed, J being omitted, The simplest aystem, which denotes the variables of each constellation 
by the letter V, followed by a number—thus VI=R; V2=8; Viio22, &c., ia to be used from V™, when QZ is reached. 
Letters are assigned when the variability ia confirmed ; provisionally, Novm and ordinary variables are now designated 
by a number, year, und constellation, Nova Aguile 1918 being 7.1915 Aquilm, in the ' variable’ discoveries of 1918. 
Novae. Theolder Novm are designated by the constellation and year in which they appeared, thus, Yowa Scorpii, 134 a,c ; 
some having alsa a ‘popular’ name, as Kepler's Star, Tyeho's Star, ke. Modern Nove were similarly deaignated till 19265 ; 
if more than one appeared in a constellation, they wore nambered successively Youa L., Yura IL., and so on, of that con- 
stallation, in order of discovery, disregarding the Novw before 1572. As many Nove were only discovered years after 
their appearance, when comparing star photographs of the same region taken at different times, this sometimes resulted 
in the numbers being out of order a4 regards date of appearance: the nomenclature was therefore altered to constellation 
and year, with the date in tenths of a year, if more than one in a year. 
Primary and Secondary Stars,—The brightest stur ia A, the companion or companiona B, C, &e., as Seiwa A and &, 
Comets.—Entirely new comets are usually named after the discoverer, adding the year, ss Donati's comet, 1858. 
Comat a, Comet b, &c., denotes the first, second, ..,... comet discovered that year, whether new or already known. 
Comat J, Comet If, &., ,, : ‘ arriving at perihelion that year, ditto 


Some Terms occurring in Astronomical Papers. (Fuller details in Young's Revised Astronomy, fy Russell, die.), 
Errors of Observation.—Those are of two kinds; Systematio Errors and Accidental Errors (see page 7, Zquation), The 
former are detected by observations repeated with different instruments, &e., or by comparison with rewults obtained by other 
methods ; the latter errors are erratic, but can be wllowed for by analysis of the small discrepancies between the individual ob- 
servations ofa series, or batween observed and calculated valuexs—which discrepancies or differences are known as Residuals, 

The Probable Error (P-E.}, of a series of observations is a value derived mathematically from these residuals; it affords an 
index to the reliability of the figures given, and is prefixed by the eign +, which means that it is an even chance whether, by the 
amount of the probable error, the value given is greater, or less, The smaller the probable error, the greater the reliability. 

Method of Least Squares.—A method used to ascertain the most probable mean value deri cable from anumber of different 
observations. It ia based on the principle that the ‘weights’ (degree of accuracy) of observations, with different probable errors, 
are inversely proportional to the squares of their probable errora, 

Interpolation; Extrapolation.—/nterpolation ia the process of finding values for dates, hours, quantities, Gc, intermediate 
to those given ina Table, For ordinary purposes, the proportional amount of the difference between the figures for the two 
nearest dates, quantities, &e., usually suffices, it being assumed, for simplicity, that the change in the interval 1a uniform; o 
more accurate result, waeful when maximam or minimum occurs between the datea, is obtained by plotting on squared paper 
several successive dates, or figures, on each side of the one not given, and drawing a curve through these pointa, 

Extrapolation, a similar process, extends « series of figures beyond the limit of the last figure actually known ; there being 
only one limiting figure, however, it is loss simple than interpolation. 

Contracted Notation employs the factor ‘10,' with small index figures, to express large numbers in 4 amall space, The 
index figures may be taken as indicating the number of ciphers to be added after the 1. A. metmus before the index figures indic- 


ates a fractional number, vix, 1 divided by that number; thus 10-*=1/1,000,000th or 000001, from which it appears that wuemwe 
index figures show the position, after the decimal point, of the first significant figure of the decimal fraction, the number of ciphers 


befure the 1 being one teas than the index number. The following are examples with decimal factors:— 
1°23 x 10 = 123 = 1,000,000 or 123 x 104'= 1,230,008), 123 « 10-8123 x 000001 or 123 x 10" = 120 x OOO] 2 OO LSS, 


Note to make the index of the 10 such that the figure before the decimal in the other factor is 1 to 9 only; thus 1°23 x 10* is correct 


not the 125% 104 illustrating the working: the index of 10 (both + and —) is then the ‘ characteristic! of the logarithm of the No. 


10! =10 ia ie .. = | with 1 cipherafterit); W'=01 ...  ... = 1 in the Ist place after decimal point, 
1000 we | ciphers, 10°? =0-01  (1/100th) es a SO ow =x is 

1@=1million ow. 1 in Bonn 10-® = 0000001 (I/millionth) —, 6th nn 
167 =10 millions res wes Bs ie ok 107 =0-9000001 (1/10-millionth) ,, 7th 7 " rt 
1 =1 billion (UA. de.) Ll» 2 » rr 1o-* = 1/billionth (U8. A. " th rt a4 “a 

10%=1 billion (British) 1... 1, 12 on on 10-H#= ~s,, (British) tith 45 " “ 


mm =" ee 














































































I ASTRONOMICAL TABLES. 
Magnitudes and Relative Brightness of the Sun, Planets, and Prinelpal Stars, (1st magnitude star taken as 100). 
Name of Star, te iigg | Nameotitar = Mae ‘itghinsn Nemsotbar Ett | Matatlrs ame ct tar tt | ielutive 
Sun awe — 266 || itl || Achernar ... O80 | 145 |] ¢ Canis Major. 163| 0-56 |] 8 Canis Major. 198 | O41 
Moon (Full) —122 190,850) §@ Centauri ... O86) 114 |] ¢ Ursem Major, 108) 053 || 8 Canis Major, 199) O40 
Venus (max.) —425| 1204 |) Altair... ...088/ 111 |] y Orionie ... 1°70] ose Magnitude 200] O10 
Jupiter® ae = 235 | 1006 Betelzenuse an OBE | 708 a‘Centauri ... 170) One Fiolaein . #12! O96 
Mars* oon =~ 225 i LOo6. Magnitude 1) 1:00 ASeorpii =... UTE) ose Magnitude ee | Ob 
Mercury (max} =18/ 13:18 || Aldehoran =... 1-06) 095 qCarne 4... 174) O51 - .. 300 | O16 
Sirius oo =158| 1077 |] Spica... 9. P21) O82 « Orionia =... 75 | OO . .. #hO!| O90 
Baturn® ... =003) 692 || Pollux... 4. P21) 062 8 Tauri . 178] og : goo | 0.08 
Canopus ... —0'S6) O&f || Antares os LBZ) O82 GOarine .. 180! o4s i . #60) O04 
Magnitude O00) #51 Fomalhaut ... 28) OT7 a Triane, Aust, BS!) O44 - #00 | O08 
Voru a. «ld | @8I Arided we SS m4 a Persei . | dag Z eso | O08 
| Capella 4. O21} 207 || Reguins ... 134) 0-73 |] 7 Ursw Major, 1-91] O43 x ean! Ol 
Arcturus ... OF4| S01 & Crucis ow 1°60) 0-63 ( Orionia ... D1] O43 Uranus? .. #8] -o01 
| a! Centauri Oss) 185 a! Crucis - E68) O69 Y Geminorum 193) O42 Magnitude 6-50 | o08 
| | Rigel we OO) [84 Castor... .. 168) O59 « Sagittarii .... 195) Og Neptune* .... 77 | G003 
| | Procyon ... O48/ 1-61 y Crucis .. LSS! O80 ® Uree Major, 105! 0-42 Pluto* (145) | ono2 


Ratio of Brightness, fainter or brighter, for a difference in macnitude ( Dif") of s— 
Dit itatio Di Fatls Dig, Piatio Di, Tiethe Dit, Meiio Di Ratio Tit Natio Det, fietie nif  xtio Du Patio 
O1 | 1109 05 (1-55 7 O8 | 220 7 1-3) B31 17h) FOL, SO, 1685 9) 55) 155-49 | BO) 1584-5 |] 105) 15 849 150) 158 480 
| O2 | 1-20 |] O86 L174 10 | 251 || 1-4) 3-63 |) 18 | oeo 35) fol GO) 251-19 |) BH) 2511-9 |) 110) 25.119 |) 136) 251.190 
0:25) 1-26 |) 0-7 91 11 | 2-75 |] 1-5] 3-98 |] 19 | 6-75)] 40) 39-81 |] 6-5) 398-11 |] 9-0) 3981-1 |] 11-5) 29.811 |] 14-0] 298.110 
| | O8 | 132 0-75) 2-400 | 12 | 302 ]] 16) 4387 || 20 | @31]) 45) 62:10] 70) 630-96 95) 6300-6 |) 120) 63.096 |) 14-5) G20 oi0 
O4 | 1450 O08 | 209 | 1:25) 3°16 |] 17] 4°79 || 25 | 10-00 5-0) 100-00 7-5) 1000-00 1/10-0/10,000-0 |] 12-5/100,000 |} 15-0/1 000 000 


Distance and Magnitude :—Increase of distance (“ Dist,") for » difference (* DifE") of 1 to 20 magnitudes. Thus a Mag, 5 
star place! 100 nee Ss aires aw a et be LO O sep oers fainter, or Mog. 15. (Mag, iff, x O02 = logartthm of distance-increase), 



















































































Dat Diet Da = Didat. Bit, = Feist. Bu. | Tet, aa Teak. Bee, = Diet. Dem Cat = a, 
1-26 251 631 | 15- 585 39-61 | : 1000 f) 12) 261-2 a “) 16 | 1685 || 18 | 2981 {| 19 | 6310 
| ie | 3 | 308 als 7 | a12 ls 6210 |) 11) 158-5 |} 13 | 398-1 000 || 17} 2512 || 18) 5013) | 394 043 
Mean Refraction (Besse! )\—For 40° F. (10°C.), and barometer 29-f ina. (752mm), Other Temperatures, add 15; per 5" F. 
@ ct 6° C.) if lower, deduct if higher : Pressures, add 34% per inch (254 mm,) if higher, deduct if lower; =abt. [Pj inch, or # Gmm. 
Alt. Hefrection, Alt. Refraction, Ali [tefrection. AIL Hefraction. Alt. Bafrection, Ale Wefrestion. Alt Masfrection. All. Ss Alt. ae Alt Refraction 
| O°) 34 _ 2") 26° 35°) 3°) 14’ 15 e = O°} 57 40") 12") 4 25" 16") 3 a2") 25) 2 of as| ¢ 65") oO 27" 
| q | 31 1) 24 25.) 4) 11 | T 10 : 19 |}13) 4 16, 3 16) 30 : 40 0 08 60 GO 10 
. i|oo siaiis ols! oarisl 6 sol2 49 }14) 3 474/20) 2 37 1.35| 1 8 (601 0 wsilonl o 6 
Light-Years ee Parsées.— Multiples by 10, et an pont mn, tro, ‘pisces tort, P., parseos; Liy,, light-yra 
re . Le F Dy. F. . Ley. Fr Ls. Fr Ly. F. B. Li. F. Ly. P 7 
| 1) 2-259) 6/1954 (12/3585 9) 16/5214 |) 21) 68-44 |) 26) B4 ‘7s | 31 101-03 36 ii "32 41/193-62 || 46) 149-91 |) 60) 196-54 
[ 2) 6-618 || ‘ae Sts 12) 39-11 |) 17/5540 |) 22) 71-70 27 a7- 32) 104-29 |) 37 120-58 42) 136-88 || 47) 153-17 || TO 228-13 
| 3 9777 | 8) 22-072 13 42-37 |] 18| 54-06 || 23) 74-00 Pr) OL-2 a 33] LOTS || BS 123-84 || 43) 140-14 |) 48) 156-da |) BO Bh0-7TS 
4 13-036 9) 20-331 || 14) 45-64 |] 19 @1-92 |) 24) 75-22 29) S451 |) Sh) 1LO8L | 89 127-10 |) 4d) 1aat0 |) 49) 150-69 || OO Sasa! 
516-296 |} 10:32:00 U 15) 48-80 I 20/65-18 || 25/61-48 3097-77 11 86)114-07 || 40. 130-36 | 45) 146-06 1] 50) 162-95 1100) 325-90 











Parsecs and Light-years equivalent touny parallax (9). 0001, 0002, &e,, move parseo or light-yr, decimal one place to rt. 
e | Parsees | Light-ym, e /Pareece | Light-y. 3 | Pursece | Light-y. | qo |Pares j Hal het-y- | wT | Parsece Lighs-y. 
001") 1000 | 4250-0 1) O41" 24:39 | To-40 |) OGL") 16-39 | 53-43 | O81") 12°35 | 40-24 “12"| 8-33 | 216 
002 | 5000) 1620-5 042 | 23-81 | 77-61 || 062 | 16-19) 52-57 |] O82) 1220) 3975 |) -14| 714) 2oz8 
003 | 333-3) LOBEs 1 043.) 23-25 | -75-7To |] 063 | 18-87) Bie74 || OBS | 1205 | 3626 | 15 | B67) 21-73 
‘004 2500| 814‘74 ) O44 | 22°73 | 74-00 |] O64 | 1563 bO-D2 |] OBE | 130) S80 | +16) 6-28 | 2087 
005") 2h) 651-79 1-045" 22¢9 | 72-43 |] 065°) las! so-14 |] 085") 11-76 | 3834 |} 18") gse | 1611 
06 | L667) G44°16 | 046 (S174 | Toe4 | 6G | 115) 4o-a0 086 | lled | a7 0 ‘20 | 800 | 1é30 
OOT | 1429.) 465°56 | O47 | 2128 | esa |] O67 | 1499 48-64 || O8T | 149) a746 22 | 4:55) 1481 
008 | 250) 407-37 (48 30-83 | 67-91 |] 068 | 14-71 | 47-0 || 088 | Lae | sro ‘te | 17 12°58 
009 | Lid) | 762-11 049 | 20-41 | 66-51 |] 069 | 14-49 | 47-24 |] 089 | 1124) 2062 || 25) 400) 1a04 
010") 100+) | 325-00 050" 20-00 | 65°18 || O70" 14-29 | 46-56 |] O90") 1111 | 3621 |} ge") aes | 154 








079 | 








| ‘O11 | foro] | 227 031 | 22-26 106-13 |) 051 | 19-61 | 63°90 |] O71 | 14-08 | 45-90 |] O81 | 10°99 | Bh-a2 |) 28) a7 | 1184 
} 012 | 85-33 | 871-58 |) 082 31-25) 101-84 |] O52 | 19-23 | 62-08 || “O72 | 19-89 | 45-27 |] 002) 1087) 3042 |) 30) 233 | 10-868 
O13 | tage | 250-69 || 083) 30-30) oe-7G |] 053) 18-87 61°49 || O73 | 13°70 | 44-05 |] 09S | 1075) 3504 | 35) 286) 231 
“O14 | 71-43) 232-79 || 034 | 20-41 | 95°85 |] O84 | 18-42 | 60-35 |] O74 | 13-51 | 44-04 |] OM | 1004) S407 | 40) Sno) &15 
015") aG-87 | 217-27 || 035", 29-57 ss 055") 18°18 50°25 || O75") 13°33 | 43-45 || 095") 1053 | 3431 |) 45") aaa) Tea 


OG | 10-42 | Saas 
‘O87 | loa] | a) 
088 | 10°20 | 33°26 


Y O16 | co-ag| 20369 | 
| O17 | S582] 191-70 | 
O18 | 55:66) 1615 

| O19 | 5263) 171-53 
| 020") 50-00 | 162-05 


O36 2778 | OS 
037 | 27-03 eae 
| 038 | Seda) 8aTH 
029 | ae 2564 | BOSH |] 059) 1605) 55°28 |] O79 | 1288) 4126 |) 080 | 1010 | d2O2 | 
| 5) | 6147 060") 16°62 |.64°32 1 O80") 12-60 | 40°74 Ul 100", 100 | | ob9 
" Mean cpponttion macnitodes: star magnitudes only are from the HL Ft. 


OTE | 19:16) 42°65 
O77 | 1200 42°33 
O78 | 12°62) 41-76 


‘SO |) 200) 632 
6 | Dea] age 
60) lé6?) &435 
65 | 154) SO] 
70 4a) 4-66 
Th", 133) 435 


066 | 17-86 | 58-20 | 
O87. | 1754 | 6717 
058 | 1724 | 6620 














ASTRONOMICAL TASLES. a 


Parsecs or Light-years equivalent to Km/seconds Velocities, at. 600 km/seconds (31069 mile/secs.) per meg ; 
or 153-42 km./seca, (05-33 mile/secs,) per megalight-year. For perkm/ or mile/ day, or years ® ultiply by BG aie, ort} milion 
km! Millieme ef: | ion! SCM bore anf 1 km Bihan ofr=9j kom Millions ef— Li Phew ‘ | Millie gi; km mot | 
aoe re, = Ley, aoe | Pree Lie. ‘ Ly. ace Ly. '™ Detail 
100 G2)0-7 |] 1500) $9 oo 4500 90/203 g000| 18-0 65-7 15 000 20-0) 97:8 21 000 42-) a 35 000 
200 Oa] 3 2000) 4.0) 13-0 |] 5000 10-0) 32-6 1] 10,000 20-0) 65-2 16,000) 33-0, 104-3 22 000. 440) 143-4 || 40000 B00 2607 
300 0-6 2-0 2500 540) 16-3 || 5500 11-0) 35-8 |] 11.000 | 22-0) 71-7 |] 17 ere Ree 110-8 |) 23.000 46-0) 149-9 45,000 G00 | 253-3 
360647 18.000 36-0 117-3 ]) 24.000 484)) 156-4 50 000 ame 325°9 




















| 400/05) 26 3000 6-0/196 |] 6000 120 39-1 || 12.000 
600) 10) ad 3500 7-0) 22°5.]) 7000 lad, 45-6 13,000 26-0) 84-7 |) 19 000 38-0 124-8 25,000. GOO) | 13-0) 56 000 110-0 3585 


1000 | 2-0)| 6-5 4000 8-0 26-1 BOO 1-0) 52-1 14.000! 28-0 91-3" 20 000 40-0 | 180-4 | 30,000 60-0 | 15-5 a0 000 120-0) 391-1 


Kilometres converted into Miles:—Multiples by 10, 100, 1000, shift decimal point one, two, three places to the right. 
ioaie ke =m km =<oliea km =e im. =mibes (ce. nile en, ile in. = Els k=. cies = fo. =miles km = wiriiles 








1, O81 |} 6) 728 || 11/ 6825 | 16) 9 9429 21/13-049 9) 26/ 16-156 )) 31] 19-263) 96) 22-309) 41)25-476) 46) — 60) 37-282 
2) 1-243 || 7) 4-350 || 12. 7-456 |] 17| 10-563] 2213-670] 27) 16-777 || 32| 19-884|| 37| 22-991 || 42/26-098] 47 2020 70) 43-496 
3| 1-864] 8) 4971 || 13, 8.078 || 18| 11-185] 23/14-292|| 28/ 17-398 || 33) 20-505 || 38| 23-612|| 43| 26-719|| 48] 20-826|| 80| 49-710 
4) 2-485 |] 9 5-592 || 14 8-699 |] 19] 11-80¢ |] 24/14-913]] 29) 18-020]] 34] 21-197 | 38) 24-233 /) 44/27-240]| 49) 30-447 || 90) 55-023 
5 3-107 "10 e214 15 9-321 Il 20) 19-427) 25] 15-034] 30| 15-6411 86) 21-748 | 40 24-855] 45 27-062 || 50/31-069|] 100 62-137 





Centigrade Dagrees converted into Degrees Fahr. (nearest 100, after 1000"). For any temperature (under 0", wen lower + or- 
*F.="C, x 8+54+482; “Ca("F.+32) x ae ao the Ba unio egies ay tial C. add, if below subtract from, 275°C. to€,°=—18 F.* 
i oF, , oF. fF. ay, "fF, o =F, =P. me m"F, <—. =}, ™, oon!" “1. =F, 
—979) = 480 I|-fD /-11 110° 230 | 310°) 590 410° T70}) 750") 1383 ) 5600") go00 11000") 18800 (/ 210007) 37800 
250 418]) 70) 94) 120 245) | 320/ 608]) 420 Tas 1000 1832 BOO0 | LoBod 12000 | 21.600 22000 | 2600 
200 328]] 60 76] 30) 88|| 130 266 330 626 || 480 806} 1500/2700) 6500) 11700) 13000 | 28400 23000 | 41400 
150 238]] 50) 453} 40/104)) 150 284 $40 644]) 440 824]) 2000 3600]) 7000) 12800) 14000 25200 |) 24000 42200 





140 220]] 40 40 150 302 350 662|) 450 443|] 2500 / 4500]] 7500 18500]] 15000 27000 |) 25000 45000 
139, 202] 30| 23 160 320 360 480 || 460, 960]]3000/ 5400]} 8000/ 14400] 18000 22800 || 28000 46800 
120, 164 20 -4 170 338 370 aaa] 470 878 |) 3500/8300 |] 8500) 15300)] 17000 30800 |) 28000 50400 
110) 166 ))-10)+14 180 256 330 713]) 480/ s96]/ 4000 7200|] 9000 16200] 18000 32400 | 80000 | 5.4000 
100| 148] 0! 32 190 374} 390 734 |) 490 914]}4500 8100] 9500/17100]] 19000 34200 || 35000 63000 
—90 —190]] +5 +41 2 |} 200| 302 400 752] 500 932] 5000. 9000 || 10000 | 18000 |] 20000 36000 |] 40000 | 72000 


‘K' (’ Degrees converted into Centigrade and Fahrenhett Degrees ( (to nearest 100°, i attee 1000 100K. =r100C- =HoF, 
= 
| 0 38 “480 500) B27 “41 4000 9700 a7 00 7500 7200 13,000 14,000/ 13,700 24,700 25,000 24,700 | 44,500 


10) | —173  —280 1000 «727\1841 |} 4500) 42800) T4600 8000 7700 | 13 800) 15,000, 14 700 26 500 0) O00) 20 700) Ga SOO 

| —i2 |—-oo 1600 1200/2200 7) SOOO 4700) 8500 9000 8700) 15,700 16,000 15, 700 | 28 300 35,000 d4 700) 62 500 

255|—18 Oo 2000 1700 3100 |) 6600) 5200 soo] 10,000 B700| 17.600 |} 17,000) 16 ,700 | 30,100 40,000 30 700) 71500 

73, O | +282 |) 2500 2200) 4000 ]) 6000 5700 10,200] 11,000 10,700 | 18 300 18,000 17,700) 31 900 45,000) 44, '700| ag. 500 

+27 | +81 3000 2700 4200 6500 6200/11 200 12.000. 1 700) 21,100 19,000, 18,700/ 33, TOO 60,000 49, TOO 89 500 

400 -+127|+261 |] 3500 3200/5800 |] 7000, 6700) 12 100 13.000 |12. 700. 93,900) 20.000 19,700| 38.500 60,000 | 59,700 | 107,500 
The Greek Alphabet. The small letters are on the loft, the capitals on Lhe right. 




















Letter Naine Latter Name Letter Mama Letter aime Latter Nain Letter WNaine 

a Alpha ... A [) « Epsilon ... Ef} i Iota wo tl fv Nu .- N ff p Bho ae d@ Phi . 
Beta . B | ¢ Zata wae x Kappos ... E fe di se ¢ Sigma a y¥ Chi rae. 
Gamma... || y Eta a. H |) A Lambda... A fo Omicron... 0 | r Tan ow. T | gb Pai i 
Telta ...A [| @ Theta ... 0 || » Mu ~~ M fee Pi .. 1 i} »v Upailon ... ¥ jf w Omega ... 2 


Degrees equivalent to Right Ascension Hours and Minutes :— See Table on page 48. Decimals of a Degree, p. xv. 
No. of Seconds of Are : in 360°, 1,296,000"; in 1, 3600", No. of Seconds of Time: in 1 day, 66,400 sec, ; in i hour, 3600s. 
Velocities of Gases in Km./sec, i, SATE He, neti AO, water; .V, nitrogen; G, oxygen ; COy, carbonic acid. 


- 200°C. — 150" — 100° — 50° OTC. + 50° foo" 300" 400" —200" —1g0" - moo” -so° OC, +50° +100° 200° goo" goo" 
#. 005 133 146 166 184 200 215 aaa 267 255 N. 025 033 030 O44 049 O53 OST O84 O71 O77 
He 0688 O8R 104 118 131 142 153 172 100 206 || OF. O84 Ol O37 U42 O46 O50 OS4 OOl OgT O72 
#0082 042 049 O50 O62 O67 O72 O82 OO) OOT | CO, O20 O26 O31 035 O89 O42 O46 O51 O57 OF 

Tonisation Potentials.—The second value is the voltage required to remove a second electron ; it differs widely. Potassium, 
-Wolts, 4:3, 22; Sodium, 5°1, 30; Lithium, 54,68; Calcium, 6-1, 12 ; Titanium, #8, 14; Magnesium, 7H, 15 ; Iron, 82, 13 ; Silicon, 


2,16; Sulphur, 103, ...; Carbon, 113, 24; Hydrogen, 13-5 . Oxygen,13°, 35; Nitrogen, 142, 30; Helium, 24°4, 54 (see p. 24), 











ASTRONOMICAL TASLES. 


Sunset and Sunrise.—The time varies slightly from year to year, but the Sunset Table opposite will give the Apparent 
or ‘True (Sundial) time of both Sunset or Sunrise within a few minutes, in both Northern and Southern latitudes, 

To find the Mean Time equivalent, add or subtract the Equation of Time (£) given in small figures, A further correction 
is required for longitude, of 4 minutes for each degree W, or E. of the Standard meridian—added if W., subtracted if E. 

Sunrise. —Subtract the time of Sunset from 12 bra, Omin., and adjust for Equation of Time, and longitude, as for Sunset. 
Thus sunrise on May 26, lat. 45°N., long. 4° W. of Std. meridian, is at 4°38 (12h, —Th. 36m., —3m. Equation, +16m. for longitude). 

Earliest and Latest Sunrise and ar in different N, Latitudes. There are two ‘enrliests’ and “latests ‘in low latitudes, 











Latitude c | ¢ “| 1 | 0 |} Sot | Se | ao | a | or BB ae 

Rising. Earliest: —| Nov. 4 May 16 | May 30 | Oot. 11 | June 7| June ll June 14 | June 15 | dunel7 | dunelé | June 19 | June 19 
Ist, ea | aca | oat | 648 | 80 | 458 | 44 | a0 | 42 | BOO) B20 | 28S 

» — Laateato— | Feb, 12 | July 25 Aug -24 | Jan. 27 ) Jinn, 1 | Jun. 11 Jan.8 | Jan. 6 | Jon. 3 | Jan. 1 | Dec. 29 | Deo. 22 
a, TU. 6.11 6.03 Geet i24 Gace G67 7.00 728 7.30 7.40 5.2 Oo. 

Setting. Esrliest—| Nov.2 | May 14 Nov.17 | Apr. 10 | Nov. 26) Dac, 3 Bec, | Dee, 8 | Deo Tl | Dee. 18) Dec. 15 | Deo. 17 
peMm. 47 | 6.0 | oa 6.10 6.00 a.) 4.48 lth 4175 | 3.56 ee006| | (O85 

» Latests— | Feb. 10) July 25 | duly 12 Mar. 17 | July S| July 2 | June 30 | June 28 | June 27 | Jane 26 | June 2s | June 24 
p-™. iia | 610 625 | 6.11 i.43 7.5 Tis | 1.3 Tol 5.13 45 cts 








Sun's Longitude, Right Ascension, and Declination, at Oh. Intermediate dates: for RA, add 4 minutes ¥ day. 

Dats | Long. | RA. | hex. Date =| Tang. | A.) Dee Date | Long) RA-| Den Date (Long, | RA.) Dee Dete { Long.| FA. | Dec 
dan, 1. a. joe’ Mar, 6) 344° 23%) 6° May2e| GO|... pee2O" | Aug 2] 139")... Lee“ Oct, 13| 200"... |—7T° 
| 


















































» 6/264/19"| 23) ,, 11) 350)... 4 ~» 23) 61) 45] 20 4 S| 182) ob) 17] ,, #4) 210)... ) 
‘ 11 | 20 | ws oo 21) 0 ogh) © June i| TO) «+ 22 « 18) 140) w.. li +H 29; 218) 145) 13 
» 18/287) 205) 21 ~ on) 10 | we [rie » «| 76| 53) 33 » 21| 147) 104) 12 9 Nov. 3) 220)... | 1 
5 20) S00 | «. 90 |] Apr. 6) 16) 1*| 6G a 21) Ble | ~ BA 150)... | 1 ,» 20) 887) 155) If 
" gp] a10 |. | 18) we 20) 20 | we) 8 ff 28] 90) 6M) Zab] Sept.3/ 160)... | FY » 13) 230|.,, | 18 
Feb. 2| 312) lh} 17 . 80] 30 |... | 11 |} duly 2) 100)... | 2 « 7) 183/11") 6 n 2) 240)... | 20 
gaol... | 15] » 23) 32) eel 12 , 6/108) 7h) B89 » 19/170). |e Too ce ieee 
. 17| 327 | 22h) 12 May 1) 40 | van 16 13) 110 23 » =4) 180 12h) 0 | ve B She 17h} 3 
” 30] 330)... | 12) « 8) 47] 88 17) a 21) 118) BM) 21 9p Oct 3) 100) ... | » 12/960)... |-28 








Mar. 1/340}... |-S° |] Mayll| 50 |... +18" July23) 120) ... +20° Ovt. 10) 196 | ab) —e? f} Dec. 22) 270 | 185) 839 

















Equation of Time.—Mean Time + the minutes im the Table — True or ‘sundial’ time, Clock before Sun — ; after, +. 
Date Eqn. Tate Eqn. Tints Egn. Thay te Eqn. Date Ran Inte Eqn ete Fon, Tete gn. Date Fyn. 
Jan. 1/-3™| Jan.29|—13"]] Mar,20|-6™ Apr.25 |4+-2™4) Jon.24|-2™]) Ang.22)-¢= Sep, 22\+7 m4) Nov. 4(+164]) Dec.11 |+7= 
a) “4 || Feb.4| 14 a ee] 7 May 2) 4 yt 3 ss 36 | 2 yn 2| § , WH) Bey] Ts] 6 
, 3 4 » a] 14 , 28) 6 , 7) Ship duly 4) 4 pela « 2} 8 » 28) 15 , 16) 4 
~ 8 , 20] 14 a 2e| 5 , 15) 3ey ,, 20) 8 Sep 2) 6 Ook 1) toy #2) 14 18] 4 
Jono] 7 YO ee] 1h Apes] 4 ft, 23] See 4] a, OA tn #6] 18 || Dec.20| 3 
2} 8} 37) 13] s)3 | i ssisf} , mje] .. 82 9 7] 2. 8) £8) 2 
, 15} 2 Mar. 4| 12 , &| 2 | dan) 2 , 2t| St , il 3 , 11) 184 Dee. 1) 11 , 2aiti 
"salto ff, 8| 1 ff, 18[-1 fy Mt Aus) @ 14) AY, 15} 14]) ,, 4/10 |] |, 26| 0 
if =] It | oh 1s 1D rt 16) 0 a 1h 0 uF 1d) o i 7 O an my IS oF i a is 86 |-1 
Jan. 24|—12 || Mar.16|— 9 || Apr-20/+1™4]j Jun.19|~1"] Aug.16|—4= Sep, 19|+6™|] Oct. 27 |+16 || Dec, 9|4+8 |] Dec.30|—2m 





Angular Distances on the Star Sphere.—The following approximations are convenient for rough estimates; others can 
easily be made up from the star charts: the degrees are those of a ‘gret circle,’ as of Declination, or those on the Celestial equator, 
}° = the angular diameter of the Moon (approx. }, o,* =a to A Aquilm ; ora tod Reticuli ... (approz.). 
i}? = 3 to« Orionis: or 7 to » Crucis 2 4° = «to 4 Canis Minoris; or a to # Crucia a 
a = a toy Aquile ; or « to « Scorpit. os 5° = ato @ Urae Majoris; ora to § Centauri ,, 
The Star Sphere contains 41,253 square degrees, 
\pproximate Galactic Longitude mes oar of certain Stars :— 





Long, Lac. Star t, Star Long. Lat. Bitar 

2421" « Ophiuchi 121 +47 vy Urew Maj. | a30°— 7° y» Yelorum 

6°+62" « Coronm. 130°+ 6 a Aurige (Capella) 40°61" A Virginie 

16°-10" a Aquilm (Altair) 1aa"+64" yb rae Maj. 240°--13° a Volantia 

2°+39" ¢ Herculis 136°+12" § Auriga one" — 60" « Eridani (Ackernar) 
a1°+12" » Lyre 149°=18 a Twuri (Aldebaren) saa’ — 1° a« Crucis 

35°+18" « Lyre ( Vege) 16f°4-24" oo Geminorum (Castor) s7y°+ 1" 6 Centauri 

454+ 1° » Cygni | 160°425° § Geminoram (Potts) | os4°— 1° a Centauri 

62°+ 1° gg Cygni (Dened) 165°-15" y Orionis ( ellatrix) S86 +50" a Virgitia (Spree) 
5°40" oy Diracenis 167° =- 7 a Orionis (Metelqeuse) gap" —16* « Trianguli Aus. 

65° +65" » Urse Maj. W724") = 8 Orionis (Miget) sa0°— 9" ¢ Are 

7e'441" B Ure Min. 182°415°  Cania Min. (Procyon) | 913°-59° 8 Gruis 

78463" ¢ Uren Maj. (Afisar) 1957440" a Leonia (agules) | 317'-f4" a Gruis 

B7°+61" ¢ Urew Maj, 195°— 8° a Canis Maj. (Sirius) a4 14" « Scorpii (Antares) 
Ba"-S1" 8 Ceti a05°+66° @ Leonis s21"4+22" 8 Scorpit 

90°+27° « Uree Min. (Polaria) a10°+30" a Hydre (Alphard) g07"—11" ¢ Sagittarii 

g1°-— 2” + Cassiopein 210°— 5° » Canis Maj. | s40°+68" a Bottis Laretwrvs) 
a8" 4-60" b Craw Maj. | 299"4.72" A Leonis (Denebola) | aig*— 66° a Pisce. A. (Fomalhaut) 
100°+52° a« Urem Maj. ( Jhebhe) gee" 28" oo Curing (Canopus) $05°+ 4° Serpentis 

























ASTRONOMICAL TABLES, 


Apparent (Sundial) Time of Sunset,—To obtain Mean Time of Sunset, see opposite. E.=Equation of T me 
O10" | 20° | 30°) Se") 40") 45" | GO” | 5a") Ba" | 56° | 5B") GO" || Southern tatinadan 


Date | E [ho ml hk. om] bh. | om, | by om, him. fb mph mb, om] kom hh om) Date ee nie |) E 
H/ 6 04/5 46/5 28/5 06/4 54) 4 40 402/362 341) 8 28/9 14) 2 56]/Jun21) +1) Jun 21) + 
604/65 47/5 28/6 07/4 65| 4 40 403/93 53/3 48}3 29/3 14) 2 57 a4| 3) . 18) 1 
604) 5 47/5 25/5 07/4 55) 4 40 403/93 54/3:43/3 50/9 15) 2 58 oT) 3] f 
6 04/6 47 5 28/6 07/4 65) 4 41 404/355) 3 44/3 31/3 16/2 49 
6 04/5 47/5 29'5 08 456 4 42/4 26/4 05\ 356 3 45|3 33/3 18! 3 01 
















1@ 04/5 47/5 99/5 08/4 57) 4 42 4 07/9 57/3 46) 3 35| 3 21 : 
6 04/5 47} 5 30/6 00/4 58/4 44 4.09) 4 00/3 49/3 38/3 24 : 
6 04/6 48) 5 31/5 11/459) 4 46 )4 18) 4 03) 3 53) 3 41) 3 28): : 
6 04/5 48/5 32/5 12/5 01) 4 48) 4: 4 18) 4:08) 3 66) 3 45 3 33): i 
|| 6 04 ana ee 6 13/5 02) 4 560\4 36/417 4038/3 59 3 49/3 37 i 
G04) 6 49/5 33/5 15/5 04/4 52 4 21/4 13) 4 03/3 54) 3 42 ‘ 
604/86 50/5 34,5 17/5 07 | 4 55) 425) 4 16 408/39 59/3 48 ‘ 
604.5 50/5 35/5 19/5 00/4 58 429) 492/4 14/405) 3 64 ‘ 
6 04/5 51/5 36) 5 20/6 11] 5 01/4 48) 4.33) 4 26/4 10/4 10/4 00), ‘ 
6 04 § 51 § 38 5 22/5 14/5 04/4 52/4 38/4 31/4 24/4 16) 4 07 ‘ 
6 04 5 52/5 aa) 5 24 Gb lt| 6 07 | 4 43/4 96) 4 30) 4 22! 4 13 2 
8 Ou & a) 5 40 6 97/6 10) 5 10 4°48) 4 42) 4 36) 4 28) 4 20 4 | 
) 6 04/5 53/5 49/5 29/6 22/5 14 463] 4 48| 4 49/4 35/4 27 3 
6 04/5 54/5 44/5 32/6 25/5 18 466) 4 63) 4 48) 4 42/4 35/4 ‘ 
li6 04/5 55/5 45/5 34/5 28/5 21/5 13/5 03/4 59/4 54/4 48) 4 42) « . 18) isa 3 
1160415 5515 46/5 .36/5 31/5 24 5 08/5 04/5 00/4 55/4 40/4 43]) 4 5 » 21) -1 
|] 6 03/6 56/5 48) 5 39) 34/5 28) 5 21/5 14/5 10/5 06/5 01) 456/451) », 26) 2) », 18) 0 
603/556) 5 50/5 42/5 a7) 5 32 Cea § 16/5 13/6 08/5 04 a1 + 0 
6 03|5 57/5 51/5 44/5 40/6 36 6 25/5 97/6 10/5 16/5 11 41 
603 5 58 § 63/5 47/5 43 5 40| 5 5 30/5 28| 6 26) 5 22/5 19)! : 
g03|5 50/5 b4/5 49/5 46|5 43/5 40| 6 35/5 33/5 32/5 29/5 26) ’ 
6 03/6 00/5 $6) 8 52/8 50/5 47/5 45/5 41} 5 99) 6 98/5 36/5 34) ' ‘ 
116 03) 6 01) 4 58) 5 55/6 54/5 51/6 50/5 47/5 45/5 45) 5 43,5 42 5 
|] 6 03) 6 01} 5 50/5 57/5 57/5 65/5 54/552) 5 61/6 51/5 50/6 49 6 
6 03/6 02'6 01:6 00) 6 00/5 59/5 59/5 58) 5 58/5 57/5 57) 6 57 A 


i 


|) 6 03) 6 03) 403 6 03) 6 03) 6 03) 6 03) 6 04| 6 04) 6 04) 6 04) 6 04 
6 03/6 04) ¢ 05/6 06) 6 06) 6 07| 6 08) 6 09,6 10) 6 11) 6 11/6 18 
6 03| 6 05|6.07| 6 09/6 10/611) 613) 6 18) 6 16/6 17 6 35) 0 3Rt 

















6 03/6 06/6 08) 6 11 @ 13/6 15|6 18/6 21| 6 28) 6 24/6 25) 6 97/6 to 
6 03 6 06\6 10| 6 14 6 16/6 19/6 22/6 26/6 28/6 30/6 32) 6 35) | tt 
6 03|6 07/6 12/6 17/6 20] 6 23/6 27/6 32| 6 34) 6 37/6 39/6 43) | 48 
6 03/6 05/@13\ @ 20) 6 23/6 27/6 32| 6 38) 6 40/6 44/6 46) 6 50 i 
603/6 08/6 14/6 23 6 26/6 31/6 36/6 43| 6 46 6 60| 6 53| 6 57 hee 
6 03/6 09|6 16) 6 24 6 20/6 35/6 41/6 48 an2|666| 7 00) 7 06 a 
6 03/6 10/618) 6 27| 6 32) 6 36 6 46/6 54/6 58| 7 O2| 7 OT) 7 12 li 
6 03/6 11/6 90/6 20/6 35/6 43/6 50/7 00\7 04) 7009/7 14/7 20 Le 
6 09/6 12/6 21/6321 6 28/6 46] 6 54) 7 05/7 09/7 18) 7 20/7 27 rT 
6 04/6 13/6 25/6 35/6 41/6 50| 6 50/7 10) 7 15| 7 21) 7 87) 7 34) 7 La 
sii @ 04) 6 13/6 24| 6 87/6 44/6 63) 7 03) 7 15) 7 20) 7 27) 7 38) 7 41) 7 6 
6 04\6 14/6 26 6 40\6 47|6 57| 7 O07) 7 20| 7 26| 7 33| 7 40) 7 49) 4 
6 04/6 15|6 27) 6 42/6 50/7 00/7 1) 7 25/7 91/7 30|7 47| 7 56], ‘4 
6 04/6 15/6 98/6 44/6 53/7 03) 7 18) 7 30) 4 36/7 44| 7°53) 8 02 la 
6 04/6 16| 6 31/6 46| 6 66] 7 OF) 7 19) 7 35/7 42) 7 60) 7 59) 8 09 us 
6 04/6 17|6 32/6 48)6 58/7 10/7 23/7 89/7 47/7 85/8 05/8 16) | 4s 
604 6 18/6 33 6 50) 7 01/7 12) 7 26) 7 43/7 62/8 00) 8 11/8 22 iz 
allé o4/@ 18| @ 34) 6-52| 7 03| 7 15] 7 30/7 47|7 56/8 O5| 8 16) 8 28 | a 
le o4' a 19| 6 35/6.54|7 05|7 18|7 33/7 51/8 00/8 10|8 s1/8 34 (a 
al) 6 04| 6 19\ 6 36| 8 55) 7 06) 7 20) 7 35/7 54 8 o4| 814 4 86/8 39 10 
6 04) @ 20/6 37/6 57| 7 08! 7 22) 7 38) 7 68) 8 08) 8 18) 8 30 B 44 / 
6 04 6 20/638 6568/7 10/7 24/741 8 01/8 11/8 228 34 B 48 / 8 
6 04/6 20/635 @50)7 11) 7 26/7 42:8 03/8 14/8 25/8 98/8 53 a 
}6 04/6 21) 6 39/7 00 7 13| 7 37 + 44/8 08|8 16/8 24| 8 41/8 57/9 16 5 
g 0416 21/6 39/7 01/7 13/7 28/7 46/8 07/8 18) 8 30/8 44/9 00/9 19 “a 
6 04/6 21/6 40,7 02/7 14|7 29|7 47/8 09/8 20/8 32| 8 46/9 08/9 29] a 
|| 6 04) 6 21 640) 7 02 7 15| 7 30) 7 48:6 10 621 835848 9 04/9 24 +a 
G04) 6 21/6 40) 7 O02) 7 15) 7 30/7 48) 8 11) 8 22 eae eee 9 26 s 
Juth.o1| +2) Jena1| tlle o4)6 2/6 41/7 0317 18/7 31/7 49|8 12/8 23/8 35/8 49/9 08/9 27 | 





























xiv ASTRONOMICAL TABLES. 
Duration of Twilight (Table I).—See Note on age 37. (For fuller Tables, see Vawtical Almanac. 
Latitnae, oo i; 9 a ld] lh a =e |; & 55" 60° 
| Winter Solstice 1" Je™ | re T6™ | J) yg™ | 1 o5™ | gh ggm | yh gz | qh pgm | gh pom | oh gem 
Equinoxes ... 1 9 | Ir ip 1 Id | 1 19 1 30 l 3 1 50 gS 64 % 85 
Summer Solatice 1 15 l 1s Tt 2 1 34 ? of ? 33 Lasts from | Sunset to | Sanrise, 


Apex of glow above horizon, 1 hr. after sunset, Dec, 21, about 7° 8 a ig i?" 
Semi-diurnal Arcs (II), or Time between Rising or Setting, and Culmination. {Refraction not allowed for), 
N. Hemisphere observers read the star's N.or &. Declination at the top of the colamn; those in the 8. Hemisphere, at the foot. 
fi. Hemisphere:—STARS WITH MOATH DECLINATION, SM. Hemisphere ;—STARS WITH & DECLINATION, 
Oey) 30" 15° 10° 5" 25" 


oS 
a 











a ae ven] 5° 1" 15" 2 30° | obsare 
bat be mh me} bh m | hi. = hm. hh, im | 4 rm. a. bh ™ h. a. h. im hom | bom | bh 
&)6 11)/6 6) 6 7| 6 SB] 6 4/6 32/6 07 Gl 5 58| 5S 5a] 6 55] 6 5 52/5 49] 5° 
10 |G 23; 6 10) 6 15; 6 1} 68 7) 6 4/6 0] 1016 56| &B 55/5 49| 5 a 5 37 7 10 
16] 6 36/6 29) 6 22) 6 16/6 11) 6 5 | 6 0] 1) 5 ob) 5 49] & 44] 8 Bh] 5b at] 5 ga] wp 
2 | 4 49/6 39, 6 30/6 88) 6 15/6 7/6 0) 9] 5 53/5 45| 5 38] 5 30| 5 21| 5 11] 99 
om 7 2) 6 49) 6 39) 6 2) 6 1g) 6 9/6 OF Bl Ss 51) 6 4] 8 31] o 6 11/ 4 58] 35 
oy 7 18) 7 £/ &@ 49) & 36) 6 23) 6 18 | 8 Of] 3] 8 48) & ar] B a! 6 4 68/ 4 41] 90 
| 8/7 35| 7 16| 6 59; 6 43| 6 28| 6 14/64 0/35] 5 46| 5 32] 5 17! 5 4 44) 4 25 | 35 
| a) )7 55) 7 32) 7 11/ 6 52) 6 34) 6 17 | 8 OO} 40) 5 43/5 26) 5 8B) 4 4) 4 el) a pl 
45:)8 18| 7 61) 7 Ba| 7 2/8 41) 6 20 | 6 oO 15 40/5 19) 4 58) 4 35) 4 93.41 45 
OO} 8 63) 5 15) 7 42) 7 ld] 6 40) 8 24) 6 O |] BO] 6 38) 5 | 4 a6] 4 17/3 45) a 7 Bo 
78 39/8 47) 8 5) 7 30) 6 58) 6 28 | 6 0] GS] G6 31) 5 3) 4 30| 3 65] 3 19] 2 o1 |] Bg 
eo°fil 22] 9 33/8 36/7 m1 7 11! 6 35 | 6 0 | eo] 5 25/4 «ela 9] 3 24| 2 35] 0 38 leo 














6. Hemisphere: —STARS with SOUTH DECLINATION. &. Hemisphere :—STARS with NW, DEOLINATION. 
Rising or Setting of Stars, &¢.—From the R.A., find oulmination-time (Table ITT}, then for fiterny Subtract, for Setting Add 
the semi-liurnal are for the Dec, and observer's latitude.* ir, Rising of Leo on Nov, 13, in Ist, 55°N.; RA. 10h., Dec, 20° N-4 
On Nov. 14 (after midnight, 13th), as R.A. Oph. souths at Gam, 10h. souths at 6.30a:m. Semi-diurnal aro for Dec. 20°N. and 
55° WN. is Sh. 5m.,* which subtracted from 6.30 a.m, gives 10,25 p,m. on Nov, 13th as the rising-time of Leo, 
When dows Mars rise on Mar, 28 in lat, 45° N.7; R.A. 1ahh, Dee 8°S, fa) Proceed as above. Or) Find in the V.A. the time 
of meridian passage on Mar. 28, say lam, (29th), from which subtract the semi-diurnal are 5h. 40.m.* Answer, 7.20 p.m. 


| To find when a Star is on the Meridian.—{The B.A. Central Meridian of each Chart ia given at the side). ones Merfaian 


When will the constellation Taurus be south at 10pm.) From the Index of Constellations (last page) 34 | 4h. 

Taurus ia in Map 6: the central meridian of Taurus is R.A. 4h. (see also at side}, In Table IIT below, 56 i i 

Sidereal Time, in the column headed 10 p.m., and in line with B.A.4h., is the date required, Dec. 21, na ; : 
What constellations are in the aouth at & PT. Of Mareh 23nd 7 In Table III find March 29: in the column 9-10 12 h. 

headed §p,m,, in same line, is the answer R.A. 8h., contained in Maps 7-8 :—Gemini, Cancer, &e. 11-12 | 16h. | 
When will h.A, 6h, culminate on March 7? Answer (Table IIT), 7 pm—March 7 lina, above RuA. 6h. 13-14 | 20h, 


Sidereal Time (III), or Hour of B.A. on the Meridian.—lf time is after midnight, add 1 day to the date at the side, 
Intermediate Dates. Add to the BLA. for the previous date the requisite No. of minutes from the 7- or §-day-interval Table below, 
7 Days interval:—iday Z2dys. Sdys ddya, Bdys Gdaye § Days interval, { day fdya Sdys. 4dys. Gdye Sadys, 7 dys, 
Add tminutes, dm 3m. 8m lfm lm 26m, Add minutes, dm, 8m iI2m. lim 19m. 23m. 28m. 
Intermediate Minutes of Mean Time. Add the same No, of R.A. minutes tothe previous R.A. hour. Thus Apr. 6st 5.9 p.m, = R.A. 6h. om. 
Hour of R.A. on the Meridian at :— Hour of FLA. on the Meridian at — 














Date| bpm. Gp. 7p. Sp. 9p. 1Op. tpt. to. 2a. Bo. do. Sa, Ga. Date| bpm. 6p. Tp. 8p. 9p. 1Op.1ip.i2a. ie. Qa, Ba. 4a, Bn. Ga, 

Jan. 6) Gb,| Uh.) 2h.) Bh.) dhe.) Gi.) On Thy Bb) Gh IO) Tk ey aa | gy | 2 (13 | 4a dd ie AT |e | 10] 20) Bh | ee | Ba) Gh th 

ld) a) a) al al al lal al al al ala Ce oe ee 
| a) 1}2)/3/)4/5/8)7 | 8) 9) 10) 11) 12) 13] 14 22/14/1415 |. 118/19 | 90) 21) 92) 33) 0]1] 2 
28] 4) 4) a) a) 4) a] a) ala] al al ay al a 30] 4| 4| 4 b) 4] b] 8] 4) a] a) al a 

. Feb. 6) 2) 3) 4/6 )6)7 |S | 9 )10) 01) 12) 13) 14) 15 |] Aug. 6] 14 )15) 16/17 |18) 10/20 | 21) 2) 23) 0) 1) 2] 3 
| ia} 4) 4] a) al al al al alal al al alata la} a) a} al af al al a) al al al ala} ala 
20) 3) 4/5 )6)7 |) 8 | 9 |W yah) 12) 43) | 15) 16 @2) 15/18 | 17 pao al | Sepa] oO} a) 2) el 

2B) 4) 2) &) a) a) ob] a] a] ae) al] Bp a) bl a a oe 4) 4) &] bi a] ob) a] 

| Mar. 7) 4) 5 | 6/7 | 8) 9/10/10 )12) 23) 16) 15/16/17 |} Sept, @| 16 Ja7 | 18 | e2)ex)0/1|a}ala]s 
15) 4) #) 4) a] &] a] @] &] a) 9] O] a] by] 4 13] 4] &| 4 b) a) #) 4] ob) a) oy 
23/5/67) 8) 0 | 10/11 | 29 }13| 14/95] 16 | 17 | 8 21) 17/15 10 s/ol/1)/2/3)/4/8] 6 
2B) a) db) bh a] a) a] al a] a] ao] a) ay by a 29/ 4| 4) 3 4) o]/ 4) 4] &] a] a] 4 

Apr. 6] 6/7] 8 | 9 [10/11 |12|13]14| 15/16} 17/ 18/19 |] Oct. 6] 1319 | 20 O}/1/2/s\4]a/6]7 

Id) #) §) O) O) a] a) a] ape) ot a] a] al a 14| 4] 4! 4 4) a) a] 4) a) al abl 4 

' 22) 7) 8) & |i 74 | 22 13) 14] 15 | 16) 17 | 18 | 19 | 20 #) | 19 | ay | 2] 1)2/;/3/4/5)4/7)8 
| 28) 4) 4) §) a) a) a] a] a] 4] of] €] a] al a 29) a] al 4 ‘) al 4 aa) 4 
May 7) 8 | @ | 10/11) 12/13) 14) 15/16/17) 18/19) 20 21 |] Woy. @] 90)91 | 22) 2/3 }4/5)6)7) 8) 9 

16) 4) +) bs a) a) ab] a oP ay a] by a) a 13) 4) 4) 4 a) o) &) 4) a] 8] oy 4 

$2) 9) 10) 11/12) 03) 14 | 15 | 16/17 | 18) 19 | 20 Bt | ee a 21 | 22 | 23 $) 4/5) 6)7)8 @ | 10 

30) 4] 4) b] b] t] ab] a) t) ay a] a] a) a) a 8] 4/4] 4 a) a) a] a) a] a] ay 
| June 6) 10} 12) 12) 13 | 14 | 15 |16-) 17 |18 | 19} 90 | 21 | 22.) 98 | Dee || las] 0 4/5)6)7)8| 9/10} 
sf a] af alalal al al ala] al al al ala 14] 3] 4] 4 b} a} a] a] a] a] a] a 

22] 11 | 12) 18) 14/13) 18 | 17 [18 |19| 20] 21 | 22 | 28] gilealo|i siel7\a\o9lwl uly 

Jon. 29] 41 4] a ale) al al alal ala] 4) 4] al] peoge] gl al ¢ t} a} al al al al af a 

















(The erect equivalent of ‘D1 degren ts 36"), 


ASTRONOMICAL TABLES, 
Decimais of a Degree.—For valuing minutes and secouds of arc to the nearest 1/100th of a degree, and wiee versa. 


RY 


Take the decimal eqitivalont just fea than the value to be converted ; or rice 


veraa, the Tabular value plus 18", which gives the exact value of 100ths of a degree. Thus 3348" = 0°56 appros. ; 0'43=25 48". 


‘01 | O'18" | 
Q 54 
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PRECESSION TABLES 
Precession In B.A. for 10 Years. For Northern objects use the upper ine of R.A. Hours; for Southern objects, the lower, 
The + signs are added algebraically to the catalogue positions, like signa being added, unlike signa subtracted. 
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Precession in Declination for 10 Years for objects having N. Declination, 5. Declination, reverse the + or — signa. 
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rv ASPHONGMICAL CONTRACTIONS, - 


Astronomical Signs or Symbols (occasionally-used aymbola in brackets} -— = ° 
Signs of the Zodiac, Aries Taurus Gemini Cancer Leo Virgo Libra Soorpina Sagittarius Capricornus Aquarius Pisces 
Symbol, v 3 o mo is = MH t Ks ms ¥ 
Sun, &c.— Sun Mercury Venue Earth Moon Mars Minor planet Jupiter Saturn Uranus Neptune Pinto Comet Star 
Symbol, (OQ) F 2° @(8) > @ ® a h Rs SF Ee ~ .% 
Other Signs, lst of Aries, Conjunction, Quadrature, Opposition, Node (longit. of}, Moon's Phases :— New, Ist qr., Full ard qr. 
Symbol, ... 3 Cl _ $2 ascending : © 2 © q 
Lenath. fr. Sun, = o bo" 180" 2% deacending. Langit. from Sun,=0° #0" 180° 270° 


Symbols of Elemeants.—<A, Argon; Al, Aluminium; He, Beryllium; ¢, Carbon; Ca, Calcium; (r, Chromium; #¢, Iron ; 
#f, Hydrogen; fe; Helium ; A, Potasssium ; - Lithium ; «My, Magnesium ; Jfn, Manganese; V, Nitrogen; Va, Sodium ; Ve, Neon ; 
0, Oxygen; P, Phosphorus ; Rh, Rubidium; &, Sulphur; S¢, Scandium ; Si, Silicon; Sr, Strontiam; 7%, Titania ; Zr, Zirconium. 
Significance of + and —. For Direction, + indicates (a) northwards; (4) *direot’ or ‘positive’ motion —e, to the left, 
or eastwards, when looking south: — indicates (a) southwards ; (b) ‘retrograde’ or ‘negative’ motion —t.2, to the right, or west- 
wards when looking south. Variable Stars: + indicates that a maximum or minimum is later than the predicted date; —, that 
it is earlier, Comets: a4 for Vuriuble stars, + later, — earlier, to indicate departure from the ephemeris, or the elements. 
Earth's Areo-, and Zenographic Dec.—When +, the planet's North pole is presented to the Earth: when —, the South pole. 







Declination :— Libration ; mean contre :— Position Angle Sun's Axis:—| Radial Velocity :— 

+ =North of Celestial eqr.| + = Displaced to E {longit,) += N. Pole, E. | of the Hr. 4+ = Recession from Sun, 

—- =South pr - = + fie =- », WJ Circle. — =Approach to - 
Latitude :— + =e to &. (lat) Proper Motion, Precession:—| Saturn's Rings :— (p, 22). 

+ =N.) of Ecliptio, or of | ~ 2 Ms: + =Northwards {in Doe.) + =Earth N. of ring-plane. 

- =, eS te (ape note, p. 29) — =Southwards ., = - = » oF 
Eongtone: — [eqr Magnitude :— + = Direct fin RA) Z Sun's — — tp me 

om WW, re + = Painter than mug, Od — =Koetrograde ,, + =5. of centre of dine, 

- mE | of Greenwich. _=Brighter ,, ,, 00 | Light-time +lutor,—earlier, § -=M 4 oh 


Astronomical Contractions.—Those for Astronomical Societies, Publications, Star catalogues, £c., are given on pp. vi-vil. 





Mt Right Ascension | GT. Greenwich Civil Time K. Kelvin pate tmp, pit) | PM. Proper Motion 
A.U. Astronomical Unit GALA-T. ,, Mean Astron, Time| Lat. Latitude A. Right Ascension 

. Angstrom Unit G.MLN. Greenwich Mean Neon | Long, Longitude U.T., T.U.* Universal Time 
C.L Colour index G.M.T. - » Time | Mag, Magnitude &.D. Semi-diameter 
C.M. Central Meridian H.[. Heat Index N.P.D. North Polar Distanoe #0. Zenith distance 
Dec, Declination H.P, Horizontal parallax WPS ~ Sequence af North following, 
Eqr. Equator LA. International Angstrom) O.—C. Obeetved- — caloulated np » preceding, 2 
Gal, Galactic J.D.,5.P., dultan Dav & Period | P.A. Position Angle ap South preceding. z 
G.E. Greatest elongation JAD. , Astr. Day, p. & FE. Probable error af »  Jollowing, — 


d, days; 4, hours; m, minutes; «seconds, mm., millimetres; cm, centimetres; dm., kilometres. — fy, light-years. 
Astronomical Symbols for Poaitiona, Magnitudes, Parallaxes, &c, (fuller list facing front cover). (1A. proposed, 1935), 


a Right Ascension As Azimuth, 4 Altitude (A Wave-length, tn Angstroom, p2o| Wf’ Magnitude, absolute 

& Dechnation « #Zonith Distance uo Micron, =1/1000th mm. rit » &pparont 

@ Latitude (celestial), geooent, | 7 or t Hour Angle = 410,000 Hiky n ww Visual 

x Longitude = i | T Parallax, annual, in”. pee Limillionth mm. = 410 ‘ow i mn photovisual 

G Galactic longitude fo oo» equatorial horizontal) , Oblignity of Eeliptic | Ting ‘i » photographie 
g »  letitude p Annual precession (general)) P Orbital period hn + oo internat. pe. 
4 Heliooentric latitude p Posttion angle, p. 5, E Time, Equation of oe i » bolometric 

i = longitude p Propermotion (totalannual)); ,, of observation Le ae »  Thdiometric 
& Geographical latitude: @' geo- | Jt, 7, W, Velocity,t radial (re-|%— , mean:t Truetime} | m. ., » pbotored 

L » longitude, + W, [centric ceding +), tangential, spatial. \@ , sidereal: @, stmeex midzipht! i,,, » infra-red 





Constellation Abbreviations, Three- and four-letter contractions (Int. Aatr. Union, 1922, -32). (Malus replaced by Pyxis, 
And Andromeda Andr | Cha, Chamaleon Cham| Eri Eridanus Erid | Men Mensa Mens | Sel Sculpter Seul 


Ant Antlia Aut) | Gie Cireinua Cire | For Fornax Forn | Mie Micrascop'm Micr) Sco Seorpiug Scor 
Aps Apus Apna | CMa Canis Maj. C Maj| Gem Gemini Gemi| Mon Monoceros Mona) Sct Seutum Sout 
Agl Aquila Agil | CMi Canis Min. C Min) Gru Grus Gris | Mus Musca Muse | Ser Serpens Serp 
Agr Aquarius Aqar | Coo Cancer Canc | Her Hercules Hers | Nor Norma Norm) Sex Sextana  Sext 
Ara Ara Are Col Columba Colm | Hor Horologium Horo | Qet Octans Uctn | Sge Sagitta Sete 
Arg Argo Argo | Com Coma Ber, (oma| Hya Hydra Hyda| Oph Opbivohus Gphi | Sgr Sagittarius Sgtr 
Ari Aries Arie | CrA Corona Aus Cor A| Hyi Hydrus Hydi | Ori Orion Orio | Tan Taurus Taur 
Aur Auriga Auri | CrEB Corona Bor. Cor B| Ind Indus Tri | Pav Pavo Pavo | Tel Toleseop'm Tele 
Boo Botites Root | Cre Crater Crat | Lac Lacerta Lacr | Peg Pegasus Pegs. | TrA Triang. Aus.Tr Au 
Cae Caclum Gel | Cru Crux Croc | Leo Leo Loon | Per Terseus Pers | Tri Triangulum Tria 
Cam Camelopard.Caml | Cry Corvus Corv | Lep Lepus Leps | Phe Pheenix Phoee | Tue Tucana Tuch 
Cap Capricornus Capr | CVn Canes Venu, C Ven| Lib Libra Libr | Pic Pictor Pict | UMa Ursa Major 1 Maj 
Car Carina Cari | Cyz Crgnua Cygn | LM: Leo Minor L Min) PsA Piscia Aust, Pec A} UMi Ursa Minor U Min 
Coa Cassiopeia Cass | Del Delphinus Diph | Lup Lupus Lupi | Pse Pisces Pisce | Vel Vela Velr 
Cen Centaurus Cent | Dor Dorado Dora | Lyn Lynx Lyne | Pap Puppia Popp | Vir Virgo Virg 
Cep Cepheus Ceph | Dra Draco Drac Lyr Lyra Lyra | Pyx Pyxis Pyxi | Vol Volans ¥oln 
Cet Cetus Ceti | Equ Equuleus Equl | (Malua= Pyxis) .- | Ret Reticulum Reti | Vul Vulpecula Yulp 
* Germany, W.Z, Weltzelt, + Relative to the Sun. * From mean and true midnight, 








STAR ATLAS 


AND REFERENCE HANDBOOK 


I—NOTES ON STAR NOMENCLATURE, &c. 





The Constellations. —The origin of most of the constellation names is lost in antiquity. Coma Brrexices waa 
added to the old list (though not definitely fixed till the time of Tycho Brahé), about 200 B.C.; but no further 
addition was made till the seventeenth century, when Bayer, Hevelius, and other astronomers, formed many constellu 
tions in the hitherto uncharted regions of the southern heavens, and marked off portions of some of the large or ill 
defined ancient constellations inte new constellations,* Many of these latter, however, were oever generally recognised, 
and are now either obsolete or have had their rather clumsy names abbreviated into mora convenient forma, Since 
the middle of the 18th century, when La Cuille added thirteen names in the southern hemisphere, and sub-divided 
the unwieldy Argo into Carina, Malus (now Pyxis), Puppia, and Vela, no new constellations bave been recognised. 
Originally, constellations had no boundaries, the position of a star in the ‘head,’ ‘foot,’ &o., of the figure answering 
the needs of the time; the first boundaries wore drawn by Bode in 1801. For List of Constellations, see last page. 

Star Nomenclature.—The star names given on the last but one page have, for the most part, heen handed 

down from classical or early medimval times, but only # few of them are now in use, a system devised by Bayer in 
1603 having been found more convenient, Viz, the designation of the bright stars of each constellation by the small 
letters of the Greek alphabet, a, &, y, &c., the brightest star being usually made a, the second brightest 6—though 
sometimes, as in Ursa Major, sequence, or position in the constellation figure, was preferred, When the Greek letters 
sere exhausted, the small Roman lettera, a, b, c, &e., were employed, and after these the capitals, A, B, &c0.—moatly 
in the Southern constellations, The capitals after Q were not required, so Argelander utilised BR, 5, T, &c., to denote 
variaile stars in each constellation, a convenient index to their peculiarity (see also p. ix). 

The fainter stars are most conveniently designated by their numbers in some star catalogue. By universal con- 
sent, the numbers of Flamsteed’s British Catalogue (published 1725) are adopted for stars to which no Greek letter 
has been assigned, while for stars not appearing in that catalogue, the numbers of some other catalogue are utilised. 
The usual method of denoting any lettered or numbered star in a constellation is to give the letter, or Flameteed 
number, followed by the genitive case of the Latin name of the constellation: thus a of Canes Venatici is described as 
a Canum Venaticoram. These genitives are given in the list of constellations on the last page, facing the cover. 

Flamsteed catalogued his stars by constellations, numbering them in the order of their ‘Right Ascension’—that 1s, 
the number of hours and minutes they southed after the southing of a certain zero point: among the stars (p. 2). Most 
modern catalogues are on this convenient basia (ignoring constellations), as the stars follow a regular sequence. But 
when Right Ascensions are nearly the same, especially if the Declinations (p. 3) differ much, in time ‘precession’ may 
change the order: Flamsteed’s 20, 21, 22, 23 Herculis, numbered 200 years ago, now south in the order 22, 20, 29, 21. 

For convenience of reference, the more important star catalogues are designated by recognised contractions : 
thus “ B. A.C, 2130" is at once known by natronomers to denote the star numbered 2150 in the British Association 
Star Catalogue of 1845, In most star catalogues o number ia assigned to each star included in them, whether it has 
a Greek or other letter, or not, Thus, Pega is a Lyre, 3 Lyre (Flamsteed's number), and (constellations ignored } 
Groombridge 2616, A list of some of the best-known catalogues, and their contractions, is given on p, VIL 

Constellation Boundaries,—Bode's boundaries were not treated as standard, and charts and catalogues issued 
before 1930 may differ as to which of two adjacent constellations a star belongs. Thus Flamsteed numbered in Camelop- 
ardus several stars now allocated to Auriga, and by error he sometimes numbered a star in two constellations, Bayer, 
also, sometimes assigned to the same star a Greek letter in two constellations, ancient astronomers having stated that 
it belonged to both constellation figures: thus 8 Tauri=y Aurige, and a Andromeda =—6 Peas. 

To remedy this inconvenience, in 1930 the International Astronomical Union standardised the boundaries along 
the Jan. 1, 1875, ares of Right Ascension and Declination, having regard, as far as possible, to the boundaries of the 
best star atlases, The work had already been done by Gould on that basis for most of the 8, Hemisphere constellations. 

* Antinous, added in a.p. 190 by the Emperor Adrian, was long combined with Aquila aa ° Aquila et Antinous." page 7 

















2 ASTRONOMICAL TERMS 


The LA.U. Boundaries.—These do not change their positions among the stara, thus objecta can always be 
correctly located, though, owing to precession, the arca of Right Ascension and Declination of to-day no longer follow 
the boundaries, and are steadily departing from them, After some 12,900 years, however, these arcs will begin to 
return towards the boundaries, and 12,900 years after this, on completing the 25,800-year processional period (p. 6), 
will approximate to them, but not exactly. | 

Il. NOTES ON ASTRONOMICAL TERMS. 

The Star Sphere, o convenient term used in speaking of the heavenly bodies and their relative positions, derives 
its name from the appearance of the heavens to an observer: he seems to be at the centre of a vast hollow sphere (half 
of it unseen, beneath his feet), which revolves round the Earth once each day, The stars seem permanently fixed to 
the inside surface of this sphere—their vast distances practically nullify their actual rapid motions—and are known 
aa flawd atere, in contrast to the ‘wandering stars" or planets, which move among the others. Rather more than half 
the star sphere is seen at one time, as refraction adds a atrip equal to the breadth of the Moon's disc in the sky. 

The Celestial Poles and Equator,—The pivots, as it were, on which the star sphere revolves, are called the 
Celestial Poles; they are directly overhead at the Terrestial Poles. Half way between them is the great circle of the 
Celastial Kquator or Kgutnectial, which passes directly overhead at every point on the Terrestial equator, 

Culmination: Southing.—A celestial object culminates when it reaches its highest point above the observer's 
horizon. In the N. Terrestrial hemisphere, aouéke ig used in the samesense, as culmination is always at the instant when 
the object is due south of the N. Pole; in the 8, Terrestial hemisphere, objects culminate when due north of the 8. Pole. 

Rising and Setting of Stars,—At the Terrestial Equator, the Celestial poles lie on the horizon; all the stars 
remain above the horizon for halfa day, and their rising and setting, and paths in the sky, are at right angles to 
the horizon. At the Terrestial poles, on the other hand, the Celestial equator coincides with the horizon, parallel 
with which the stars move in circles, neither rising nor setting, the other half of the star sphere being never seen, 

In intermediate latitudes there ia every variety between these extremes, but always some stars ‘never set (and a 
corresponding area round the opposite Pole never rises), also the paths in the sky are sloping to the horizon—all in 
proportion to the observer's nearness to, or remoteness from, the Terrestial Pole or Equator. 

The stars which rise and set always do s0 at the same points on the horizon—unlike the Sun, Moon, and planets, 
which rise and set at different points on successive days. In temperate latitudes, especially, those of them nearest the 
observer's Celestial pole rige far north (8, hemisphere, south), and are above the horizon most of the twenty-four hours; 
as distance from the Celestial pole increases, they rise further and further south (or north), and their time above the 
horizon diminishes, till, for the stars furthest south (or north), they set again a very short time after rising, Stars on 
the Celestial equator rise due E., set due W., and are 13 hrs. above the horizon, all over the Earth—except at the Poles. 

Stars rise, ‘south’ or (‘ north"), and set, at a given hour only once a yeor, always on or about the same date, for they culminate 
nearly four minutes earlier each day, and make 366+ revolutions in 365} solar days. On one day in the year, ‘southing,’ &e., 
occurs tier, for when a star southa ot 12.1 am. it will south agin at 11.67 pm, the same day. This occurs with the Superior 
planeta (p. 32) also—Mara, and the asteroids in general, about each second year—their mean daily motions being less than the 
Earth's, Mars and Venus, however, may not south st all on one day in the year, 

The Stars that never set or rise.—Stars never set when their distance from the Celestial pole is less than the 
observer's angular distance from the Terrestial pole, Or, stars with Declination (p. 3) greater than the observer's (o- 
latitude (his latitude subtracted from {)*) never set; the corresponding area round the opposite Pole never rises, 

The Eecliptie is another important great circle on the star sphere, which intersects the Celestial equator at an 
angle of 234° (the Qhliguity of the Eeliptie*), and lies in a plane which passes through the centres of the Sun and the 
Earth : it represents the yearly path of the Sun's centre on the star sphere, as seen from the Karth, or the Earth's as 
seen from the Sun: it is shown in Maps 3-14, The £eliptie Poles, the points on the star sphere 90° from the Ecliptic, 
(about 234° from the Terrestrial poles), are at R.A. 18h., and 6h., and Dee, 664° N., and 3., respectively, 

The Ecliptic and ite poles are * sensibly’ (ie, forordinary purposes) fixed on the star aphere, but changeslightly in centuries. The 
former alao represents (a) the central line of the Zodiac (p.3); (b) the average path of the Moon, Mercury, and Venus, on the 
star ephere (pp. 8, 33), but not those of the other major planetsa—though these are always near the Ecliptic, except Pluto, 

The Vernal Equinox or First Point of Aries, the zero for the celestial measurements corresponding to 
terrestrial longitude, is the point of intersection on the star sphere, at any moment, of the Celestial Equator and 
the Ecliptic, at or near the point where the Sun crosses the former from 5. to N. about March 21. 

This point —the Zrue or Apparent Lguiner, or The Lquinoxr of any date—moves westward on the Ecliptic 1/7th second of 
aro every day, but is nevertheless the most convenient point for the purpose, as the Sun’s position in the aky, measured from it, 
remains practically the same on a given day of the year for thousands of years, by the leap year arrangements of the calendar, 
though those of the atare slowly change. * Vernal Equinox,’ wien wacd in connection with meanrements, always means this moving 
True Equinox, but the {erat Vernal (spring, p.6) equinox is the instant when the Sun's contre actially crosses the Celestial equator, 

Tie Mean Equinox, is the True Equinox corrected for the irregularity (max, + 1} secs.) called nutation in Right Ascension 
(p. 7). Positions in star charts and catalogues are measured from it, nt the time when the Sun's mean longitude is 280", about 
Jan, 1: thos for 1900, the star positions are called ‘mean places for 1900-0'—‘-)’ after a year always indicates the 280" start. 

The position of the First Point of Aries is about five moon-breadths W. of the end ofa line drawn first from 
a Andromedm to y Pegasi (which form one side of the ‘Square of Pegasus’) thenextended downwards for the same length, 

* Mean, Jan, 1, 1008, 23° SY 61" (annual decrease (47), may vary § from mean 














ASTRONOMICAL TEINS, J 


The Meridian is that great circle on the star sphere which passes through both Celestial poles, and through the 
eenith of the observer; it always meets the horizon due south and north of the Pole and the observer. On the meridian, 
neriion passage, returns to the meridian, have the same meaning as culmination, or transit (see below). 

Transit, — : 
or 6) any selected line on the star sphere: The term is also used for a meridian or spot crossing the centre of n disc, 
Lower Transit, or Lower Culmination, of a ‘cireumpolar’ star which never sets, is at the opposite side of the Pole, 
twelve sideral hours after upper transit, when the star is nearest the horizon, 

Transit also denotes the passing, as a black circular spot, of Mercury and Venus across the Sun's dise; or of a 
satellite or its shadow (p. 34) across the disc of its primary. Jngrese is the entrance on to the dise; egrees, the departure. 

Celestial Positions.—As the star sphere has an Equator and Poles, taking the meridian through the Vernal equi- 
NOX as zero, the position of any object in the sky can be indicated in the way places on the Earth are located by their 
latitude N, or 8, of the Equator, and their longitude from Greenwich. The corresponding astronomical terms, however, 
are Declination and Right Ascension, ancient astronomers having unfortunately (for similarity of nomenclature) used 
the terms latitude and longitude to denote measurements referred to the Ecliptie, instead of the Celestial equator. 

Declination (contracted 4, or Dee.) corresponds to terrestial latitude; it is measured in degrees North or South 
of the Celestial equator. The Internationa! Astronomical Union vesdmmend the use of + and — instead of N, and 5. 

North Polar Distance (contracted VP D, or PD), measured in degrees (0° to 180°) from the N, celestial pole, is 
sometimes used instead of Declination, as it obviates the use of negative signs, and all chance of error with N, and 5. 

Right Ascension (contracted «, F.A,, or AR), corresponds to terrestial longitude, it is measured eastwards, or 
counter-clockwise, on the Celestial equator from the True equinox, sometimes in degrees (0°-360"), usually in sidereal 
hrs, (/i.), minutes (m,), seconds (a); Lh,=15", 1°"=4m. Every observatory has a clock regulated to this sidereal 
time (p.9); when it shows Obra, the True equinox is on the observatory's meridian. 

As the True Equinox culminates daily, it is easy to note how many hours, minutes, and seconds elapse from tte 
culmination to that of any other object; this interval is the Right Ascension of the object. Objects that culminate at 
the same instant as the True Equinox have R.A, Ohra.; those culminating | hour later, R.A. 1 hr.; those 2 hrs. later, 
R.A. 2 hrs., and so on up to 24 hrs, the Ohrs. of a new sidereal day: of course minutes and seconds are also used. 

Right Aaseaian hours, éo., are very slightly shorter than those of ordinary mean time, the 24-hr, sidereal day being only 
23hra Sf min. 4seca, mean time in length, or about four minutes ehorter than the mean eolar day. (Seep. 8). 

Hour and Declination Circles,—An Hour Cirele, or a Declination Cirele, is the great circle passing through 
a celestial object and the Celestial poles; the former term is preferable, as thé latter is linble to be confused with 
‘Peclination Parallels," which are not great circles. ‘These terms are aleo applied to the graduated circleson ‘equatorial’ 
telescopes (p.46); the hour cirele is graduated in BWA. hrs and minutes, and the Declination cirele in degrees. | 

Colures.—Ziia Equinoctial Colwre is the great circle of R.A. 0 bre, and 12 hrs; it passes through the Celestial 
Poles, the First Point of Aries, and 180° of celestial longitude. 7'he Solatetial Coltwre is the great circle of R.A. 6 hrs, 
and 18hra.; it posses through both the Celestial and Keliptic Polées, and through the Solstitial Pornts*. 

The Zodiac (literally ‘circle of the animals,’ most of the signs represent living creatures) is the belt of the sky 
&-0" on each side of the Ecliptic, within which the Sun, Moon, and the planets known to the ancients are found. 

Starting yearly at the First Point of Aries, it is divided into the twelve ‘Signa of the Zodinc* {see symbols, p. xvi}—each a" 
of longitude on the Ecliptic—which, however, do net coincide with the constellations of the sume name, although they did so some 
2900 years ago when the First Point was named, precession having carried them westwards some 30°, or a whole sign. 

The Invariable Plane of the Solar System, passing through the System's centre of gravity, forms an unvarying 
reference plane, as it does not change its position in apace owing to mutual planetary perturbations, as the Ecliptic 
dows. Inclined 1°35" to the Ecliptic plane, 7* to Sun's equator; longitude of ascending node 106° 35’ (epoch 1850). 

The Fundamental Plane, in occultations and eclipses, is that passing through the centre of the Earth at nght 
angles to the line drawn from the star, or the centre of the Sun, through the centre of the Moon. 

Alternative Reference Circles,—The Celestial Equator, though the most convenient for finding or recording 
positions on the star sphere, by R.A. and Dec., is an unsuitable reference circle for many purposes, and other great 
circles and reference planes are used instead. The position of an object ia indicated, with respect to the — 





1. Celestial Equator ee by its Declination, and Right Ascension, from the Vernal equinox (p. 3) 

2, Ecliptic, (2) from the Earth'scentre ,, Geocentric Latitude, and Longitude, _,, “i e (p. 4) 

a. on «=«(D) ss Sun's 7 . Meliocantric _ (p.4) 

4. Horizon of the observer ... a =©60COom) A tte, ond Azimuth, from the N. or a: point. a 

f. Meridian _ ... . o Hour Angle from the meridian, and Declination from the Colest, Eqr. 4 

6 Hour Cirele or Declination Circle » Position Angie, from the North Point = 

7. Galactic Plane, or Milky Way ... .  Gialactic Latitude, and Longitude, from node on Caléetial equator (p. 4) 

& Sun's Equator ahs mt » Heliographic , - » Grbitrary sero... 

f Planet's or Moon's Fouktor e+ =» ~— Planetographio,, (Seleno-, Zeno-, &c., -graphic, sea > "4) 
10, Limb of the Sun, Moun, or Planet » Distance fa) from the N: orth Point ; (5) from the Vertex {p. 5) 


Thus there are several kinds of astronomical Intitude and longitude. But unless qualified by an adjective, in astronomy 
these terms usually mean Geocentric Latitude and Longitude, referring objects to the Ecliptic and the Earth's centre. 
* Tn Celeatial longitude WP, 270° (or R.A. Gh., 18h). and Dee, 2347 Nand 8, 
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Geocentric Positions.—Al! astronomical observations are necessarily topocentrie—i.e,, made from # point on 
the Earth's surface—but for simplicity, the figures in Tables are always geocentric, that is, ealenlated as if bodies were 
observed from the Earth's centre. The reason is that the topocentric values differ with the position of the observer 
(except for stars—too distant for appreciable change), but are easily obtained for any place from the geocentric values. 

Angular and linear distances are in general measured from centre to centre of the bodies concerned, and those 
calculated as seen from the Sun, or a planet, are also given for the centres (heliocentric, &c., values, see below }. 

Latitude and Longitude (unqualified by an adjective) refer celestial objects to the Earth's centre and the 
Ecliptic instead of to the Celestial Equator, and therefore do not correspond to geographical latitude and longitude. 
They are used for caleulations involving angular distance from the Sun, as seen from the Earth, of planets and comets, 
—phase, opposition, &0.; the same definitions, hut referred to the Sun's centre, instead of the Earth's, are termed 
heliocentric lntitude and longitude, The Earth's heliocentric longitude ts the Sun's geocentric longitude + 180°. 

The Longitude of a celestial object is the angle in degrees (0°-360") measured eastwards, between the First Point 
of Aries (‘?) and the foot of a perpendicular drawn from the object to the Ecliptic. Similarly, the Latitude of a 
celestiul object is its distance in degrees N. or 8, of the Ecliptic, measured on an are at right angles to the Eeliptic. 

Longitude and Right Ascension both start from the First Point of Aries, and both ore measured eastwards, but the former 
is measured in degrees along the Ecliptie ; the latter along the Célertial Equator, in hours, &c. (but 1 hour B.A. is exactly 15°, 
4 minutes exactly 1°). As the plane of the Ecliptic lies at an angle to that of the Celestial Equator, however, a movement 
of 1° in longitude does not exactly correspond to 1° (Le, 1/16th hour, or 4 minutes) in HA, because (a) the direction of 
mesurement is different, and (5) the reapective degrees may differ in length on the star sphere—as, for instance, where the 
‘ereat circle’ degrees of the Ecliptic traverse the narrower R.A. degrees monsured on the parallel of Dee, 20", The ‘ precession | 
(p. 6) of the First Point of Aries continually changes longitudes, the longitude of the p ihelion of each major planet increasing 
some 2° per century ; but latitudes alter very little, as the Eoliptic is almost fixed on the star sphere (p. 2), 

Ladtituds, similarly, differs from Declination. Both are measured on arcs of great cireles on the star sphere, but 
whe can 





234° from the Celestial poles. The parallels of latitude, therefore, are always inclined to those of Declination, and o 
motion of 1" in latitude is never exactly 1" in declination—except along the Solstitial colure (p. 3), which intersects 
the Ecliptic and the Celestial equator at right angles, and passes through both the Celestial and Esliptic poles. 

Heliographic, Selenographic, and Planetographic latitude and longitude refer objects to the equators of 
the Sun, Moon, and planets, respectively—the equators with reference to the axis of rotation. They thus exactly 
correspond to geographical latitude and longitude, and positions are denoted by them in the same way—by latitude 
Nor 8, of the equator in degrees, and by longitude on that equator from a zero meridian, Their chief use is for 
recording the positions of markings on the surface, such as spots, lunar craters, &e. Areographie, Zenographic, and 
Saturnigraphic, are the terms for Mars, Jupiter, and Saturn, respectively, 

The gero meridian on the Moon is that of the ‘mean centre’ of the disc, and longitude is measured E. or W. of it in degrees ; 
for Mara and Jupiter, see the V4. On the Bun, Jupiter, and Saturn, there being no fixed markings, sero meridians can only be 
arbitrary. The San’s is based on an assumed unvarying sidereal rotation period of 26-28 days (wee p.26); the longitude ts measured 
(O° to 360") from left to right looking south, across the non-inverted apparent diac—tz., in the direction of the Sun’s rotation. 

Measured on the star sphere, instead of the body's surface, helio-, aefeno-, &o., -grapiie latitude and longitude correspond ta 
solar, lunar, &., Declination and RuA., but heliocentric, areocentria, &o,, latitude and longitude are usually employed for this 
sense, They are used for indicating the position of the Sun's equator with reference to the centre of the disc, the amount of 
lunar libration, openness of Saturn's ring’s, &e,—published annually in the Voutioa! Admanee. 

Galactic latitude and longitude refer objects to the Galactic Plane (p. 10) or mean plane of the Milky Way— 
important for problems regarding the distribution of the stars on the star sphere. Galactio latitude is measured in 
degrees N.or 8. of the Galactic Plane; Galactic longitude, along the Galactic plane ((" to $60"), from ite intersection 
with the Celestial equator about R.A. 18h. 40m, and measured in the same direction as R.A. (but see note, p, 10). 





Altitude, Azimuth, Meridian, &¢,—These refer the positions of celestial objects to the observer's horizon. 
The altitude ofa heavenly body is ite vertical angular distance in degrees above the horizon ; its azimuth, the horizontal 
angular distance in degrees between the observer's 8. or N. point, and the foot of a perpendicular drawn from the object 
to the horizon. In the N. hemisphere, azimuth is usually measured from aouth (0°) weatwarda, Le,, from the meridian, 
already defined as the great circle pasaing through the Celestial poles and the north and south points of the observer. 
The zenith and nadir are the points in the sky directly over the observer's head and below his feet, respectively, Le, the 
poles of the horizon; the prime vertical is the great circle passing through the senith and the observer's east and west 
points, corresponding to the Solstitial colure in R.A. and Declination, The amplitude is the arc of the horjzon between 
the E.or W, point, and the foot of the vertical circle passing through the object. (Amplitude of variable stars, see p.12), 

Hour Angle.—The hour angle of a celestial object refers it to the meridian of the observer; it is used in calcula- 
ing an object's altitude or azimuth, the time of its rising or setting, &c., and may be defined as the difference between 
its Right Ascension and the hour of R.A. on the meridian at the time of an observation, or the angle which the hour- 
circle passing through the object makes with the meridian—for moat purposes expressed in hrs., ke., of sidereal time. 
It is measured westwards or clockwise from the meridian south of the Pole (8. Hemisphere, N. of the Pole). 


¢ all Declination cireles pass through the Celestial poles, all circles of Latitude pass through the Ecliptie poles, ~ 
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Position Angle: North Point.—The Portion Angle of a planet’s axis, or of any line on the star sphere, is ita 
inclination to the hour circle (p. 3) passing through the centre of the object, This circle ia the most suitable one for 
reference, as, unlike the horizon, it is stationary with respect to the stars, and being perpendicular to the horizon at 
the instant of culmination, can be used for finding the inclination to the horizon at other times (see diagram, p. 59). 
The North Point is the point on the hour-cirele nearest the N. Celestial pole, in the field of view. 

(a) Double Stars. The position angle is the angle which the line joining the components makes with the hour-cirele through 
the brighter star of the patr ; it ia measured in degrees (0° to 360") from the North Point tothe fainter star, and round 
to the other star clock-wise, or in the oppostte direction to TA. 

(b) Son's or Planet's axis. The position angle is measured to it from the North Point on the diss. This varies throughout the 
year; bat for the Sun, on the same date it ia about the same every year (see the N.A., and diagram on p. 40), The angle 
is measured from 0” to $00° for the Moon and planets, aain (a); but for the Sun, E. (+) or W. (—) of the hour circle. 

Limb, Cusps, Vertex.— The Limb is the edge of the Sun’s, Moon's, ora planet's disc ; the Cusps, the horns of thoes 
crescent (less than half-ilumined) Moon, Mercury, or Venus. The Vertex, sometimes used for oocultations, is the point 
on the limb furthest above the observer's horizon: distances from the vertex are coun ted enatwards from 0" to 360°. 

Opposition.— Mars, and the outer planets (p, $2), are in Opposition (gymbel §), when 180" of longitude (or 
12hra, R.A.) away from the Sun on the star sphere: this occurs annually (Jupiter, 1-1 yrs.), but biennially for Mars 
and most asteroids, They are then on the meridian about midnight, and nearer the Earth than when not in opposition. 

An opposition is * é,vourable’ when the Earth and the planet are near the point where their orbits most closely 
approach, and as this point is always about the same longitude, favourable oppositions always take place about the 
same date in the year (given on pp.J2 to $4), and the favourableness or otherwise of any opposition can always be 
judged by its nearness to, or remoteness from, that date; the least favourable are six months later. 

Conjunction : Syzyzy.-—4 celestial object is in conjunction (symbol ¢ ) with another celestial body when their 
longitudes are the same, but the term may aleo denote equality in Right Ascension—as in V.4A. ‘Phenomena,’ for some 
objects. Mercury and Venus are in Inferior Conjunction with the Sun, if the conjunction oceurs when they are on 
the side of the Sun nearest the Earth: in Superior Conjunction if they are on the far side of the Sun, with the Sun 
between the planet and the Earth. The Moon is in Syzygy when in conjunction or opposition, ie, when New or Full, 

Appulse,—An appulse is the near approach of one celestial body to another: the term is also used for approach- 
ing culmination, conjunction, e.; a8, the appulse of a star to the meridian, of the Moon to the Earth's shadow. 

~ Orbital Motions.—The orbital motion of a planet or comet round the Sun, or of a satellite round its primary, is 

Direct when from W, to E.; Retrograde, when from E. to W.; similarly the seeming motions of the planets among the 
stars, as seen from the Earth, A planet is Stationary when its movement is reversing to the opposite direction, 

‘A. planet or comet is in Perihelion (7) when at the point in its orbit neareat the Sun; in Aphelion, when at the 
point most distant; in Quadrature (T]), when 90° in longitude from the Sun, The Moon and the planets are in 
Periges when at the point in thetr orbita nearest the Earth; in Apogee, when at the point most distant. ericentre and 
Apocentre are the eorresponding general terms for a satellite with respect to its primary: for Mars, Jupiter, Saturn, 
Perimartium, Peryoue, and Periseturniunm, are used, A planet's Elongation from the Sun 15 the angular distance in 
degrees as seen from the Earth: the Greatest Elongation of Mercury and Venus is when that angular distance reaches 
a maximum—not necessarily the very greatest. A comet in Recession is moving away from the Sun, after perihelion. 

Elliptical Orbits. — The Major Axia (symbol for semi-major axis, a) is the greatest length, usually expressed in Astron, Unite; 
midway in it is the Centre of the ollipss. The Minor Aves (semi-minor, 6) is the line drawn through the centre at right angles, the 
greatest breadth: the Foous—ocoupied by the Primary (p.7)—one of two points, equidistant from the centre, such that the sam 
of their distances from the foci te any point on the orbit is constant, and equal to the major axis. 

The Eccentricity (e) is the ratio, to the semi-major axis, of the focus-to-centre distance ; the Rediwva Veetor (rj, the line joining 
the centre of a planet, comet, or satellite, to that of its primary, natuilly given in A.Us. The Apeiotes (plural of apsia) are the 
extremities of the major axis—the pointa of perihelion, aphelion, perigee, dc. : the Line of Aprides, thot axia extended indefinitely, 

Tie Nodes are the pointa where a planet's or comet's orbit intersects the Eoliptic on the star sphere—ce, when the object is 
in the Eeliptic plane: where the object crosses from 8. to N, is the Ascending nods ()), from N. to 8, the Descending noe (13). 

The Anomaly [true](v) is the actual perihelion-focus-planet angle, measured in the direction of the planet's motion; the Msan 
Anomaly (Af), that angle ealeulated for uniform, net actual, motion: the Eccentric Anomaly (po) ia derived from it, .MfM=s—¢sine a 

The Elements of an Object are seven factors required to determine (a) Position in space of ita orbit—t, the semi-major axis: 
2, the eccentricity : 3, the inelination to the Ecliptic: 4, the longitude of the necending node; 6, the longitude of the perihelion : 
(b) Position of the object at any tine—6, the orbital period ; 7, epoch (position ata known date}; or, time of perihelion passage: 

Thess are the Heliocentric or Fixed Elements—the object's relation to ita primary, the San, ignoring other planets. The 
Barycentrio Elements are those referred to the Baryeentre, or centre of mass of the Solar System, instead of the Sun, which give a 
better average orbit—though the heliocentric one corrected for perturbations (disturbances) by the other planets is more aocurate. 

The Geoulating Orbit is that which « planet or comet would purse if, at some apecified instant, the Epook of Gacwlation, all 
the plancts should cease to attract that body, and jeave it free to move under the attraction of the Sun alone, 


— — TT 


* [nan elliptical orbit, the node-perihelion-node angle is always jess, in degrees, than node-nphelion-mode, but the difference ts trifling 
if the eccentricity iz amoall, os in the principal planeia. Alap o planet attains ite maxicoum helioventric Intitude, above the plane of the 
Ecliptic, halfway between the nodes—~at about 90° longitade, for the principal planeta, which hove nearly-circular oriite. 
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Planetary Periods.—The Siderea! Period of a planet, its true period of revolution round the Sun, is the time 
| it takes to make a complete circuit round the star aphere, from star to star again, as seen from the Sun, not the Earth. 
The Synodic or Apparent Period of a planet is the interval a seen from the Earth's contra, between successive 
| oppositions (or conjunctions) with the Sun; or, for a satellite, between successive similar elongations or conjunctions 
with its primary. The Anomalistic Period is the interval from any point in a planet's orbit to the same point again 

—for instance between successive returns to perihelion or toaphelion ; this period, and also that of successive returns 
to the same node, is practically the same as the planet's sidereal period. 
| Tho Synodic period determines the dates of opposition, conjunction, &e. ; the Sidereal period, those of the opening and closing 
of Saturn's rings, alao of the recurrence of a planet's greatest N. or 5. latitude—important for observing Mercury, 

Secular Acceleration.—An apparent shortening of the periods of Sun, Moon, and plunets, as compared with those cal. 
iF ctlated on the basis of uniform motion—a shortening so minute as to be only detectable in ‘secular’ periods, 12, thoes of the 
order of a century; it is expressed by the number of seconds of are per century the object is ahead of the uniform-motion position, 
| It is simplest to suppose that the periods do not change, but that our day, the unit of measurement, is slowly lengthening (partly 
through tidal friction) by some 1/1000th of a secomd per century, on the average, 0 that after a century the number of daya in a 

_ year is a fraction less than before. 6° of the Aloon’s acceleration, however, is due to other causes than the lengthening day, 

Seeular aceeleration of the Moon, about 10° per century (1937 aidereal months) ; of the Sua, about 1" per century. 





Rotation Periods.—The Sideree! rotation period of the Sun, or of a planct or satellite, its true period of axial 
rotation, is the interval between a star's successive returns to the same meridian on the Sun's or planet's surface, 
The Synodic or Apparent rotation period of the Sun, or of a planet, is the interval, as seen from the Earth's 
| centre, between snocessive returns of a meridian on its surface to the centre of the dise, The apparent rotation 
| periods of the Superior planets merely vary to and fro a very little on each side of the sidereal rotation periods. 
The Sun and the planetsa—Uranus excepted—have actually the same ‘direct’ rotation as the Earth (from W, to E looking 
south), but to us are seen revolving from E. to W., because the hemisphere we see faces in the opposite direction from our hemisphere. 
The Equinoxes and Solstices,—7'e Perna! and Autumnal Equinowes are two daysin the year on which, every- 
where on the Earth, day and night are equal, whence the name, The instant when the Sun crosses the Celestial equator 
into the N, Celestial hemisphere, on March 19-22, determines the Vernal or Spring equinox (also the solar year, p, 8); 
this instant may be distinguished as the fiteral Vernal equinox, in contrast to the moving conventional Vernal equinox 
ueed for R.A. The Autumnal equinox is on or about Sept. 23, when he recrosses into the 3, Celestial hemisphere. 
Tha Solstices are on the longest and ahortest days of the year, on or about June 21 and Dee, 22, when the Sun 
attains his greatest angular distance N.or 8. of the Celestial Equator, and ‘stands’ for an instant before turning back» | 
the Equinoxes and Solstices always keep to these dates, by the Leap year arrangements of the calendar, In the South 
terrestial hemisphere the seasons are reversed, Sept. 25 being the spring equinox, Dee, 22 the summer solstice, | 
Precession of the Equinoxes is the annual occurrence of the (literal) vernal equinox, about Mar, 21st, nearly | 
H 20} minutes (1/25,800th year) before the Earth has made a complete orbital revolution round the Sun, so that each 
year, at that instant, he crosses the Celestial equator at a slightly different pot. 25,800 years will elapse before he 
again crosses at that pommt. As the result of precession, every star—except those less than 25° from the Eeliptic poles 
—pasues through every hour of R.A. from Oh, to 24h, once every 25,800 years; also the Declinations, every 12,900 
yeurs, swing to and fro 47° (234° x 2), greatly changing the stars visible at a given place, or season, 
Precession ia due to a continuous minute tilting of the Earth's axis by the Sun and Moon, which canses the Celestial poles and 
equator (always overhead at those of the Earth) to change their places continuously among the stars in harmony, so that each 
quccessive moment the Celeatinl equator intersecta the Ecliptic at a slightly different point (in the opposite direction to the 
Earth's orbital motion) of the one it would occupy if left undisturbed, Thus precession is continuiusa, not a yearly jump, 
The tilting is the result of the bulge at the Earth’s equator, inclined considerably to the plane of her orbit round the Sun, 
and alao to that of the Moon, Half of the bulge is above and half below the plane of the Earth's orbit, part of it considerably, 
and the Sun's-and Moon's pull on the elevated (or depressed) portion nearest them ia stronger than their pull on the more distant 
depresend (or elevated) portion opposite. This tenda to tilt the Earth's axis towards the attracting body, and, by the gyroscopic 
law applicable to the rapidly-rotating Earth, causea the Earth's axis (which would otherwise always point to the same position 
on the star sphere) and the Celestial poles to rotate round the poles of her orbit (4, these of the Ecliptic) in circles 234* distant 
| J from therm, aud in a period of 25,500 years, displacing the Vernal Equinox in the cp posl te direction to ber orbital motion, 
i} The Amount of Precession.—Every day the Celestial equator intersects the Ecliptic at a point about 1/Tth of 
| | a second of ara W. of the position the day before at the same hour, so that R.A. is measured from a slightly different 
iI | point on the star sphere each day, and each March 19-22, the literal Vernal equinox is 50-26 W. of ita position a year 
| before—about 3 seconds of R.A., or 1/37 of the angular breadth of the Moon, or 1° in 71:16 years, or 1°-396 per century. 
i Thus the First Point of Aries—which some 2200 years ago was in the constellation of Ariez—is now 50° to the west, 
| in the constellation of Pisces, Star charts sooner or later cease to give reasonably accurate positions, owing to this | 
| change in the zero-point on the Ecliptic, amounting to a whole degree, or two Moon-breadths, in about 71 years. 
| In Star Catalogues the precession in RA. and Declination represents the co-ordinates of the total annual linear precessional 
. motion of each star along the Ecliptic Near the Celestial poles, the figures make it seem very great, but as regards actual 
change on the star sphere they are misleading. Among the closely-crowded nearly-converged hour-circles of R.A, near the poles, 
& movement of many eeconds in R.A, as measured along the very small Declination parallels, is only a few seconds when 


. converted into Equatorial great-circle measure, In converting a star position for precession, add ftte signa, subtract wnlibe gi 
| : * At the Solstitial Points, p. 3. P E “ unlike signs 


oe 
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Nutation.—The precessional path traced on the star aphere by the Celestial Pole is a wavy line varying slightly 
from atrue circle, ‘This irregularity is called Vutation, being, aa it were, a ‘nodding’ of the Celestial poles to and 
from from the Ecliptic Poles, and though minute—about 9" on each side of the mean, or 18" in 183 years—perceptibly 
mixlifies the precessional displacement in R.A. and Declination, The Earth's axis passes the mean position about 
2800 times in the 25,800-year period, Nutation is due to the Moon's being sometimes above and sometimes below 
the Eeliptic, and so not always pulling on the Earth’s equatorial protuberance in the same direction as the Sun, 

The above figures for nutation give the Vietation tm OMiguity—the total motion of the Celestial Polea to and fro from the 
Ecliptic pales, Nifation in HA. is ite co-ordinate measured along the Celestial equator; and Vutation in Longitude, 
or the Equation of the Eowinares, its co-ordinate measured along the Eecliptic. 

Variation of Latitude.—Star Declinations show minute irregular cyclic changes up to 0" 04, due to the Earth’s 
Poles wandering round her mean rotation-axis counter-clockwise—the combined result of periods arising from (a) that 
axis differing from her axia of figure (432 dys.); (4) meteorological changes (lyr.): max. departure from mean, 60 ft. 

Primary, Satellite.—Two (or more) celestial bodies which revolve round a common centre of gravity are 
physically connected : the larger isthe Primary (the Sun, for planets and comets), the smaller, the Satel/ife—or for stars 
the Companion, which implies visual proximity, but not necessarily physical connection, Stars with motions similar 
in amount and direction on the star sphere (Moving Clusters, p, 11), are also taken as being physically connected, 

Phase denotes («) the extent to which the dise of the Moon or a planet, as seen from the Earth, is illumined or not 
illamined by the Sun—in the latter case, its Dork Phase, or Defect of {ilumimation. (6) Appearance or configuration, 
ain the VA. ‘Phases of the eclipses of Jupiter's antellites’; > Aspect is also used in this sense. (ec) The stage of progress 
towards maximum or minimum of a variable star, + denoting the No. of daya towards the former, — towards the latter. 
(@) In any periodic phenomenon, the fraction of ita period which has elapsed since the Inst oocurrence of @ given aspect. 

Dork Phase is greatest in the Superior planets when they are in Quadrature (()), e., 90" longitude (or 6h. B.A.). 
from the Sun, and therefore on the meridian about 6a.m.or6p.m, As phase decreases with increasing distance from 
the Earth, it is only observable on Mars, which becomes gibhous—i.e., not quite a full diso—and on Jupiter, to the 
extent of a slight shade along the limb furthest from the San. On the other outer planeta it is wholly unmenasurabie, 

Albedo.—When sunlight falls on a planet, part is absorbed, the rest reflected: the Albedo of the planet is the 
ratio, to the total sunlight received, of the light it reflects in al/ directions; this cannot be determined from full phase 
alone, and different formulm give rather different results in some cases, see the Table on p. viii. 

Refraction.—All observations of position have to be corrected for atmospheric refraction, which raises a celestial 
object higher in the sky than its true position, by fully }° at the horizon, decreasing to 0° at the zenith (Table p. x). 

Aberration.—The velocity of light is not infinite compared with the Earth's orbital velocity, and the two 
velocities combined results in a small variable displacement (max. 20°47 on each side) of celestial objects from their 
true positions; the Earth's rotation causes a leaser aberration. At the end of a sidereal year, however, a fixed star 
returns to its original place, so far as aberration is concerned. 

Apparent: True.—In astronomy * things are not what they seem,’ in literal fact, Movements actually seen, 
and positions read off, by the observer, are in general not the real movements or positions, owing to refraction, aberration, 
Earth’s orbital motion, &c., and are therefore called Apparent or observed movements or positions—<Apparent Time, 
Noon, R..A., motion, &c, The True (real) values are ‘reduced’ from the apparent ones by eliminating the effects of refrac- 
tion, and other factors modifying the actual values, but sometimes 'True’= ‘Apparent,’ as in Troe Time, Trae Equinox. 

Epoch.—The date for which an astronomical catalogue, chart, or position, &e,, has been caloulated, as, sooner or 
later, precession, proper motion, do., perceptibly change the positions given, and comparison at future epochs would 
be of little use without this date. The usual date is Jan. lat of the year ; that of 1950 is a standard one. 

Ephemeris (plural Ephemerides). Any Table of calculated positions, &e., in connection with a celestial object. 
The American £plemeria corresponds to the British Vautica!l Almanac, and has some Tables not given in the latter, 

Equation.—A small correction on the figures actually observed, to eliminate instrumental, ocular, and other 
imperfections, grouped together as Systematic Arrors—i.c., errors that always recur when the observations are repeated 
under the same conditions, and with the same instruments (Accidente! Errora are those that do not recur, as from 
abnormal refraction, &c.), Also a similar correction for orbital irregularity, as in the Nquation of Time, and of ths 
Equinozea (p.7). For the errors of the eye in observing, see an interesting paper in the J B.d.4., vol. 39, p. 4. 

The Personal Equation of the observer affects observations of every kind, and for refined work has to be found 
by experiment ; the transit records of one observer are regularly late or early compared with those of another observer. 

Colour od Magnitud: Equation, see p.17. Transits of the same star recorded in the hours after sunset and 
‘before sunrise, respectively, also seem to require an equation, a difference of some 0-06 second having been noted, 

Fundamental or Clock Stars. are stara the positions, &c., of which have been measured with the utmost care, 
‘and which are used as reference points for finding the B.A. of other stare with less labour. The positions of these 

stars for each dav is given in the V_A.; they ore called ‘clock stara’ because they are used for regulating the clocka, 
Dependencies: a short, an seared method of meusuring positions on star photographs from the Dependence 
-Centre—an imaginary point, close to the image of an asteroid or planet, the position of which can be exactly caleulated. 
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A Day is (a) the axial rotation-period of the Sun, Moon, or a planet; (b) the interval between successive returns 
of a celestial body to an observer's meridian, With respect to the Sun, ora star, three ‘days’ are used in astronomy :— 
1. The ordinary Solar Day of 24 houra—atrictly speaking the slightly irregular interval between successive transits of the real 
Sun, but in practice taken as the unvarying interval between those of an imaginary ‘ Mean Sun,’ adjusted to the average 
solar day, ‘The true solar day is variable to the extent of 51 seconda between the extremes, being 40 seconds over the 
mean solar day about Dec. 22, and 21 seconds under the mean about Sept. 17. A new day or date on the Earth begins 
on the Date Line—the meridian 180° E. of Greenwich, with deviations for geographical, &e., reasons, Julian Day, p. 9. 
The Longest and Shortest Days are at the Solstices, but owing to the difference between Sundial and Mean time (local), and 
to changes in it resulting from the varying hour of sunset or sunrise in different latitudes, the dates of earliest rising and 
setting vary from the actual solstices with the latitude, There are two earliests and lntests in low latitudes (see p. X11), 
2. The Sidereal Day (conventional) “f 24 sidereal or RUA. hours, the interval between smecessive transits, not of a star but of the 
ever-moving True Equinox (23h. 64m, 40005 seca. mean time) ; it 1s really the egwinoctial siderenl day, used in prefer- 
ence to (3) because the Sun's R..A.—being always 0" about March 21—is always about the same on a given day of the year. 
3. The True Sidereal Day, the interval between successive transits of a star (22h. 5f m. 40000 secs, mean time), is the exact 
period of the Earth's axial rotation. Each year it falla behind (2) by 3°3. sees. mean time, or exactly 1 day in 25,800 years. 
As this is nearly 1 hour per 1000 years, the stars familiar to us now as winter, spring, &c, stars will in some (000 years 
be those of autumn, winter, &c, The true sidereal day is (irregularly) lengthening about 1/1000th second per century, on 
the average; in harmony, therefore, the sidereal year, expressed in days, shortens about 1/3rd second per century, | 

A Lunar Day, the interval between successive meridian transits of the Moon, varies from 24h. $8 m. to 25h, 6 m., 
and averages 24 hrs. 51 m.; it determines the tide-interval from high water to high water, which is Aef/'a lunar diay, 

Our Asan Time (Mean Solar ''ime) is based on the mean solar day; True, or Apparent Solar Time, or sundial 
time—which varies slightly from day to day—on the Sun's actual southings; Stdereal 7ime, on the sidereal day. 

The Year.—The Solar, Lquincctial, or Tropical Year (865-2422 solar or 366-2422 sidereal dys) in which the seasons 
recur, is determined by successive returns of the Sun to the same equinox; or to the same ‘tropic’ or ‘solstitial point,’ 
the point on the star ephere where he attains his greatest distance N. or 8. of the Celestial equator, on mid-summer or 
mid-winter days: ‘tropic’ also denotes the Declination parallels on the star sphere passing through the solstitial points. 

The Sidereal Year (365:2564 days) is the interval between successive conjunctions of the Earth with a star, as 
seen from the Sun; it is the true period of the Earth's orbital revelution round the Sun. (Solar year is 20) min. lesa). 

The Anomalistic Year (365-2596 days) is the mean interval between the Earth's returns to perihelion about Jan. 2; 
as it varies a day or two on each side of the mean, perihelion may occur tw ice in a calendar year, or not at all. 

The fujian Year, used in our calendar, has exactly 365-25 (4 654) days: the fraction 1s adjusted by having Calendar 
Years of 365 or 366 days, the latter in every fourth year divisible by 4 (leap yr.). All years have been Julinn since the 
Julian year was instituted in 45 u.c., except (a) 1582, which by the Gregorian revision of that year had only $95 days 
(Britain and its American colonies substituted 1752, which had only 365 days instead of 996), and (6) 1700, 1600, 
1900, restricted to 365 days by the new Gregorian rule omitting leap year in century years not divisible by 400. 

The Lunar Fear (354°3670 days) of twelve lunations, used in the Mahommedan calendar, has twelve months 
of 29 or 30 days each, based on the phasis, or first observation, of each New Moon; it may have 354 or 355 days. 

Beasel's Fictitious Fear, used in the V.A. Mean Star Places, begins at the instant when the Sun's apparent mean 
longitude is 280°, on Deo, Slat civil date (in the W.d. ‘Jan. 0,’ to which it corresponds), or on Jan. Ist, 

The Eclipse Year (346-6200 days), the interval between successive returns of the Sun to the same node of the 
Moon's orbit, is the period of possible recurrence of both solar and lunar eclipses, which can only take place when these 
bodies are within a small distance from the node, 19 eclipse years are 658578 days, almost exactly the same as the 
anoient <Saros' cycle of 6585:32 days, (18:08 yrs.), the period after which the same eclipses ooour regularly for centuries 

A Planet's Year denotes the period in which it completes one orbital revolution round the Sun, 

Lunar Months.—The Synodic Month or Lwnation (mean, 29°59059 days), the period from New Moon to New 
Moon, or between similar phases, varies between 294 and 29} days. New Moons recur on the same day of the year 
every 19 years (subject to leap-year disturbances)—the ancient Metonie Cycle of 235 lunations, or GRO dere, But 
four cycles were found to displace recurrence whole day, 8s 235 Innations only amounted to SUF a Rays fe the mare 
accurate Callippic Cyele of 69393 days x 4 was framed, which adjusted the error on the same principle as leap year. 

The Anomadistic Month, from perigee to perigee, 27°55455 days on the average, is the period of the Moon's changes 
in angular diameter and luminosity, as seen from the Earth; it varies a day or two on each side of the mean. 

The Siderea! Month (mean, 27°32166 days), the period in which the Moon circuits the star sphere from transit wt 
the same instant as a star back to transit at the same time with it again, is also the short-term period (p. 88) in which 
an occultation may recur, or in which the Moon's close proximity will again hinder the cbecrvasiin of a ster, 

The Nodieal Month, or Draconitie Period (mean, 27'212220 days}, from a node back to the same node again, is also 
the period in which the Moon again attains her greatest distance N. or $. of the Ecliptic: it varies from about 27 to 274 
days. As the Moon's nodes travel westwards along the Ecliptic about 14° per month, her path sweeps completely 
round the star sphere in about 184 years: the Ecliptic therefore represents the Moon's average path on the star sphere. 

The Tropical Month (mean, 27°32158 days), the Moon’s period from conjunction with the True Equinox back to 
conjunction again with that Equinox, is the period after which the Moon has again the same longitude. 
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Sidereal Time, used for measuring R.A., is the interval, in sidereal hours, minutes, and seconds, since the pre- 
ceding meridian passage, at a given place, not of a star but of the Troe Equinox or First Point of Aries; each sidereal 
houris 1/24th of the average interval (see below), and 9°83 secs, mean time shorter than the mean solar hour, making the 
aideren! day 3m. 55-91. (mean time) shorter than the mean solar day. Each observatory has a sidereal clock keeping 
this time, to give the hour of R.A. on the meridian at any time (Table p. xiv); at Ohra. by the clock, the True Equinox 
is on the observatory'’s meridian, As that Equinox is not directly observable on the meridian, the clock is regulated by 
observing transits of ‘clock’ stars (p. 7) of known position, given in the .V_A, 

Sidereal Time is thus o lose! sideresl time, measured from, and keeping step with, the True Equinox of date, but differing 
from the sideresl time of every other observatory not on the same meridian. Being measured by a clock it is a uniform 
time, but it is not Actual Sidereal Time, the interval between sncceasive transits of the True Equinox being slightly irregular ; 
the difference from the clock time, however, is too small to cause practical inconvenience, 

Uniform or Moen Sidereal Time has the same relation to ordinary sidereal time as Mean Time has to True Time. 
Tt is measured from the Mean equinox of date, instead of the True equinox ; the difference never exceeds + 12 secs. 

Mean Time, shown by ordinary clocks, is the interval since the preceding ‘mean midnight,’ or instant when, during 
the night, an ordinary clock, correctly regulated to the average length of the mean solar day from noon to noon, shows 
12 hrs., or a 24-hour elock shows 24 hrs, Jfean Yoon is the instant when mean time clocks indicate XTI, at mid-day, 
Each country has its own meridian for 0 hra., (see below ‘Standard Time’). Local Mean Time, see below. 

Apparent Time or True Time (solar), is Sundial or Local Time, based on the observed interval (varies slightly, 
p. 8) between two suceessive transits of the Sun's centre at a given place. These differences, by accumulation, may 
mount up to + 15-16 minutes from the mean interval, thos to obtain the true Local Wean Time, a correction called 
the Equation of Time has to be added to the True Time, or subtracted: this ia given in almanacs, sometimes on the 
sundial (7wdle, p. xii), The Sun and clock agree, however, on or about April 15, June 14, Sept, 1, and Dee, 25. 

Astronomical and Civil (Mean) Time.— Poth begin at midnight, the former starting at Ohra, the latter at 
12 acm., and are the same till noon—in Civil Time 12 p.m., when the hours begin again with ‘p,m,’, till midnight. But 
Astronomical Time, to avoid confusion with a.m. and p.m., continges 13 hrs., 14 hrs., &e., to 24 hrs, or Ohrs., midnight. 

Interval between two Phenomena.—Till Dec, 31, 1924, the astronomical day ran from noon to noon, so that its Inst twelve 
hours were in the following civil day. As this caused confusion, on Jan, 1,192, the astronomical day beginning was put back 
twelve hours, to coincide with the ctvil day. Henee in finding intervals, one before and the other after midnight. Dec, 31, 1924, 
to obtain the true interval, 22 Aoure moat be deefweted from the apparent interval arrived at from the VA. dates and hours, 

The best way to find long intervals is to convert the dates into days of the Julian Period (see below) by the Wid. Tables, 

Universal Time (U.T., T.U.), (Britain, Greenwich Mean Time (@.M7T.); Germany, Weltzeit, World-time, W.2Z.|, 
denotes the Mean Time for the meridian of Groenwich, starting at midnight for both Civil and Astronomical Time, 
Outside Britain, Greenwich Civil Time (G.C.7_) was often used for this time till the L.A.U. adopted 0.7., 1935. 

Noon to noon astronomical time, when required, is-desicnated &.MW.A.7.—Greenwich Mean Astronomical Time. 

Standard Time is an international arrangement for facilitating intercommunication, whereby (a) Greenwich 
ia taken as the universal sero of longitude and time, and (6) the official mean time of each country or large district 
differs from Greenwich time by an exact multiple of halfan hour. For the various Standard Times see almanacs, 

Local Mean Time, required for finding the clock time of sunrise, southing of the Sun, &c., is the trae mean time 
of the meridian of a place. On the standard meridian, ata given hour, the local time is slow compared with that 
of places to the E., where the day begins sooner, but fast compared with that of places to the W.: hence to obtain local 
mean time, add ta, or subtract from, the standard mean time, 4 minutes for each degree the place is E. or W_, reapect- 
ively, of the standard meridian. Thus if using, in other places, the Sunrise and Sunset Tables caloulated for the local 
time of the standard meridian (see the .V.4.), the longitude correction must be subtracted for E., added for W., aa the 
phenomena take place earlier and later, respectively, than at the standard meridian, 

Licht-Time, the time taken by light to travel from a celestial body to the Earth at a given moment, has to be 
allowed for when computing true rotation periods, &c. For the Sun, at mean distance it is 498°55 secs, (8-31 min.) ; 
the maximum is about 8-4m., the minimum, §-2m. The observed maxima and minima times of variable stars require 
a + or — light-time correction for the Earth's position, as periods are stated for the Earth at mean distance, 

The Julian Period (7,P.), used to calenlate the exact interval between dates at long intervals apart, starts on 
Jan, 1, 4713 wc, at noon, The J/idian Day, or Julian Date (contracted J.D.) is the number of days that have elapsed 
sines the beginning of the Julian Period; a Table in the NA. gives the Julian Day corresponding to Jan. | of aach 
fourth year from | g.c., which the Table calls ‘a.p,0'. In ordinary chronology, a.p. | is the year following 1 B.c., and 
ag there is no zero year, when 8.0, and A.D. years are added, the resulting period is one year too great; or, if subtracted, 
one year too little, Calling 1 mc,, ‘a.m. O (aatronomical)’; 2 n.0,, ‘I m,c.(astron,),’ and so on, gets over the difficulty. 

For astronomical purposes, decimals of a day are employed with the Julian Day, instead of hours and minutes, 
as atidition and subtraction are easier; thus Jan, 1, 1936, 9p.m,, astronomical time, is stated as J.D, 2,424,517 -375, 
veckoned from noon. But the Julian Period being still reckoned from noon, not midnight, note that all astronomical 
hours less than 12h. Om. (or ‘5 day), still belong to the Julian Day preceding the civil date, Thus Jan, 1, 1926, 9a.m., 
astronomical time, is J.D, 2,424,516°875, te, Deo. 31 1925, 21 hra., of the Julian Period. (Decimals of a day, p.xv1. 
* Sometimes J,A.0,—Julian Astronomical Day, 
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10 II]. THE GALAXY AND THE STARS 

The Galactic System.—Though sagacious conjectures as to the structure of the Universe had been previously 
made, nothing was known from observation till 1754, when Sir W. Herschel concluded, from the distribution of the stars, 
and the relative magnitudes of the brightest and faintest stare seen in his 183-inch teleseope, that the Galaxy was in 
the form of a thin lens-shaped diso, slit at one end lengthways where the Milky Way branches. Its length he stated 
as about six times ite greatest breadth, and he believed that the Sun was near its centre, but as nothing was known 
of the distances of even the brightest and therefore presumably the nearest stare (except that they were greater than 
that corresponding to 1" annual parallax), he could only state the dimensions in what he called Siriometers, the (un- 
known) distance of Sirius or an average first magnitude star; this could be converted into actual dimensions when the 
parallax became known. Expressed in modern units, Herschel’s dimensions are 5950 light-years across, 1085 through. 

When, however, the distances of the Magellanic Clouds (p. 13 and extra-galactic Nebuler became known, our 
Universe was found to have definite limits, and to be merely an ‘island universe’—one out of millions of similar systems 
separated by distances of milliona of light-years. Our Galactic System—containing come 30-100,000 million stars, ancl 
perhaps larger than the others—seems to be in the form of a lens-shaped disc some 100,000 light-years in its grentest 
length, and some G000-10,000 in ite greatest thickness, with a spheroidal centre perhaps 15,000 light-years in diameter.* 
The stars ure greatly condensed towards the galactic plane. 

The Galaxy isin rotation round The Galactie Contre, some 30,000 light-years from the Sun, in the dense star-clouds 
near the junction of Sagittarius, Scorpius, und Ophiuchus, about galactic lat. 0° and longit. $26-330° (Map 12)}—there 
+s no evidence fora central Sun, once thought probable—and the rotation periods of its members decrease with 
distance from the centre, those near the Sun being about 225 million years, at a speed of some 275 km/secs, 
(171 m/secs,), The Rotational Term of the Galaxy is the rotational velocity round the Galactic centre corresponding to 
a given distance from that centre (but may be used of any term arising from galactic rotation) ; being proportional to 
the distance, it can be found by measuring the intensity of interstellar lines, (p.24 5 see Pub, D,A.O., vol. 5, 1953). 

Nove, Wolf-Rayet stars, Cepheid variables, Planetary nebulm, the Gaseous nebulm, stars of Types Band 5, and 
eclipsing binaries, show an un usually strong preference for the Milky Way and its neighbourhood, while the Globular 
clusters and Extragalactic nebule seem to avoid it—now believed to be largely the result of the opaque matter 
being distributed more thickly in the Galactic Plane, similar to what is seen in spiral nebulw viewed edgeways 

It is probable that our System of stars, globular and open clusters, gaseous nebule, and dust clouds, is a spiral 
nebula, something like the Great Andromeda Nebula, with local condensations in its arms, in one of which the Bun 
‘e situated a little above the plane of the Galaxy—the Galaxy being a ‘small circle’ of 88° (Struve). 

Metagalactic Space is apace outside the limits of the Galaxy; Anagalactic Space, that within its limits, 


Interstellar Matter.—The space intervening between the members of our System is not empty, as was once 
thought, but is oceupied by matter of exceeding tenuity—which has heen computed as being of the order of 3 ounces 
per 1000 cubic miles—rotating on the whole with the general System, and revealing its presence by ‘interstellar lines’ 
(p. 24), and—near the Galactic plane, where it is denser, though elsewhere mostly evenly distributed—by licht-absorp- 
tion, which reddens the stars (p.22). There are also vast opaque clouds, probably minute dust particles, to which the 
irregular breadth and outline, and the rifts and gaps, of the Milky Way, also the dark patches elsewhere, are partly due, 

The Galactic Plane, pasting through the central lime or equator of the Galaxy (Galactic lat, 0°), is of 
fundamental importance in stellar study, owing to the peculiar distribution of various classes of objects with respect 
to it (see above), This plane is completely defined by the position of its N. pole, but authorities vary (see below). The 
LA.U, (1999) recommend as the Standard System for statistical purposes, B.A. 190°, Dee, +28", 1900 (Ohlsson, practi- 
cally Argelander's). Por Selected Areas, Harvard uses Gould's value; for Galactic Charts 17-18, Walkey's is utilised. 

The Galactic Equator.—Authorities differ somewhat as to its course, as is not unnatural owing to the very 
irregular outline of the Milky Way: reference to the rough outline in the star maps will show that in several places 
the Galactic equator comes near the edge of the visible Milky Way, the observed central line of which avernges 
about 1°8. of the actual equator, Newcomb's position for its N. pole (see below) includes the ‘branch.’ 

The North Galactic Pole is about 1° 5. of 30 Come Ber. (Map 4), where the extra-galactic Nebulw cluster thickly ; 
the Table gives various estimates (dates not epochs): the §. Galactic Pole is near nebula H. VI20 Sculptoris (20°, Map 4). 


Avubbority. BA = bh om De |= Avotbeerity: LA = & mo Dee Gh. Anthority. RA = bh ma De G. 
Herschel, a (S7}° (12 29) 31° 30° | Newcomb (1904) 191" (12 44) ai” 48° 7 age oe | 
Argelander, ... 190° (1% 40) 28° & Hertzsprung (1912) 1909" (12 43) 27° 12 “a ay 
Marth (1872) ... 190° (12 40) 20° 0°) Walkey ... (1914) 1019112 47) 27° OF ree - aay 
Gould (U7.A., 1875) 100f" (12 41) 87° 21" | Graff... (1920) 1924" (12 40) 26° 48° zi re 


Galactic Longitude.—The usual zero is the intersection of the Galactic Equator with the Celestial Equator about 
R.A.18h. 40m, If, however, the galactic meridian passing through a star with almost no proper motion, a3 a Cygmi, 
were adopted instead, as has been proposed, the precession of the equinoxes would not affect the galactio co-ordinates 
ns it does at present—obviously a great advantage, unless epoch 1900, say, is kept a# a permanent zero. Té the galactic 
longitude of a Cygni is made 0° (I. A.U., 1925), about 51° must be deducted from the galactic longitudes measured from 
the node of the Galaxy on the 1900 Celestial equator. Charts 17, 18 of this Atlus give both Galactic and ordinary co-ordinates 

Fz (iii) * Plaskett, Holley Lecture, 1055, 
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right round the star sphere, ‘nelined about 61° to the Ecliptic plane, and slit lengthways at one part. It is brightest 
in Cygnus and Aquila (\. Hemisphere), in Scorpius and Sagittarius (5, Hemisphere), and faintest in Monoceros, 
‘Between Cygnus and Scorpius the Galaxy forms two narrow parallel bands for some 110°, then it is very much 
broken up and complex for considerable distance, but brighter, especially in Sagittarius, where the individual stars 
in the star clouds are so densely packed as to be indistinguishable (not well seen in European latitudes, as they south 
low in mid-summer). In Argo, near Canopus (60°S.), the Milky Way is (visually) completely divided across for a short 
distance, but near Canis Major it again becomes single, though fainter band, which narrows to about 5° in Taurus, 
and broadens out once more in Perseus and Cassiopeia; its very variable width averages 15°, butin places itis 20° or a0°. 
The Coal Sack, a remarkable gop (starless to the naked eye) in the Milky Way, near the foot of Crux, appears 
like a dark abyss in the surrounding brightness—largely due to contrast, as, in & photograph, the area is much brighter 
than in the non-galactic regions in the vicinity, This gap, similar but smaller gaps in Cygnus and elsewhere, also 
the Great Rift in Argo, are believed to be due to durk nebulw (p. 13), intervening between us and the Galaxy beyond. 
Stellar Photographs taken on ordinary plates, differ in general from what is seen visually, owing to what may conveniently 
he termed colour index effect—ie., stars bluer than AO being photographically brighter, thoae redder fainter, than they are 
visually (p. 16). Such photos show faint B stars bright, and bright M stars faint, making familiar viewsl groups unrecogniss ble. 

Photographs of the Milky Way (sectional) are given in //.A., vols. 72, 80; others are in Die Milehstraese (Goos), Hamburg 1921, 
and in Handbuch der Aatrophisih, val. 5 (2 





Double Stars are stars which to the naked eye appear asa single point of light, but when viewed through a 
telescope are found to be composed of two stara—not necessarily physically connected, as they may simply happen to 
be in the same line of sight, ‘Triple Stars have three, quadruple stare four, and multiple stars many components. 
Where one of the stars is of a much smaller magnitude than the other, it is often styled a comes (plural comtfes) or 
companion. The most interesting ‘doubles, &e., are indicated in the Notes appended to each star chart. 

Binary Stars are double stars which are ‘physically connected,’ revolving round s common centre of gravity, 
and not merely chancing to be in the same line of sight. Spectroscopic Binaries are those found to be binary by the 
temporary doubling and displacement of the lines in their spectra, although too close together to be ‘resolved,’ ie., seen 
separate inthe telescope. Visible binary stars have periods varying from two years to many centuries. If the plane 
of their orbit ia in the line of sight from the Earth, they may be seen to approach closer and closer together, and 
at last appear to the eye as a single point for a considerable period, afterwards opening out again. 

In a binary system, the motion of the companion is direct when the position angle is increasing in degrees, and 
retrograde when decreasing. The amaller star is sometimes aaid to be in periastron with the principal star, when 
actually (as distinct from apparently) nearest to it; and in apoastron when furthest from 1t. 

Star Clusters are amall groups of stars, crowded more or less closely together, which in the telescope are 
glorious sights (see Notes, Star Charts). Star Clouds differ in being portions of the Milky Way itself in which the 
stars are so closely packed as to appear as a continuous irregular bright cloud: they are most conspicuous in Sagitt- 
arius, in which the centre of the Galactic System seems to be situated. Star clusters, proper, are of two kinds. 

Glohular Clusters are clobe-shaped, densely-packed masses of atars, thinning out rapidly at the edges of the central 
condensation, then slowly when the distances between individual stars has become considerable; M13 in Hercules 
(N.G.C. 6205) tsa typical specimen, Over 100 are known,* few nearer the Galactic Plane than about 10°, and all lie 
in the region between 1 49° and 41° Galactic longitude, which indicates considerable eccentricity with respect to the San. 
They alzo occupy a place opposite to the majority of the Spiral nebulm, being mostly in Ophiuchus anid Sagittarius. 

Open Clusters have no central condensation, are more or less irregular in form, are often associated with 
nebulosity, and are most numerous opposite the region in which the Globular clusters predominate, The Priesepe in 
Cancer exemplifies one type, somewhat resembling an open Globular cluster: the Pleiades, in Taurus, represents 
another type, an irregular, yet well marked group, the components of which have a common motion. 

Moving Clusters or Star Groups are not clusters in the ordinary sense, but groups of stars which have evidently 
some intimate relationship, as they are moving with similar velocities towards the same point on the star sphere. 
Proctor termed this phenomenon ‘star-drift.’ The individual stars may be in widely different parts of the star sphere. 
The best known are the Taurus, Perseus, and Ursa Major groups: the latter includes G6, +, 6, «, ¢, of Uraa Major, and 
the apparently unconnected stars 6 Leonis, Sirius, § Eridani, 8 Aurigw, and a Coronm Borealis. 

The Local Cluster, inferred to exist from the study of parallaxes, magnitudes, d&c., is believed to be a bun-shaped 
aggregation of stars, like a very open Globular cluster, to which our Sun appears to belong, and in which he is situated 
a little to the north of its central plane, and some distance to one side of its centre. Its central plane is inclined 
10°-15" to the plane of the Galaxy, and ita stars are relatively near us, compared with the Milky Way, and compara- 
tively close together, while ita diameter is of the order of 1000 parsecs, or 3000 light-years. The majority of the 
brighter B stars seem to belong to this cluster, and according to Shapley its apparent centre is in Carina. 

© See List in A.A. Vol. 76, and A.C.0. 776. 


The Milky Way or Galaxy, composed of millions of minute stars, observationally forms a great ring extending 








12 THE STARS, 


Variable Stars are those which wax and wane in brightness; there are many varieties, which afford a useful and 
interesting study for amateur observers, The Amplitude (A, visual, photographic, ke.) is the range of magnitude 
between maximum and minimum, The more important types are given below (See Notes on Observing, p. 42, and 
on Nomenclature, p. ix), 

When a variable star is, for the time-being, a morning star, rising shortly before sunrise, its maximum or minimum 
is called a ‘morning’ one. Similarly, ‘spring,’ ‘autumn,’ maxima, kc., refer to the time of year at which they oocar, 

I. Nove, or New stars, leo called ‘Temporary Stars,’ suddenly blaze out where no star of that magnitude has been known 
before, but soon fade away to a small fraction of their maximum brightness; may be visual, telescopic, or photographic, 
and generally identifiable with some previously-known very faint star, Characteristic spectrum, with maximum 
intensity far in the ultra-viclet—sometime: having broad, bright, and dark banda side by side, which soon changes, 
following, on the whole, but with individual peculiarities, the sequence detailed on page42, and finally becoming 
identical with that of a Wolf-Rayet star (p. 19). (See List of Nova on p, viii, and note on Nomenclature, p, ix). 

It is probably significant that most Nove yet discovered (except those in nebulie}, are either in, or near, the Milky 
Way, and that they greatly preponderate in one direction, 14 Novw (modern) having appeared from (© to # Galactic 
longitude ; & Nove from {0° to 180°; 4 Nove from 18° to 270°; and 16 Nova from 270° to 260°. Nove: appear in 
Spiral nebula, apparently of two typea—ordinary Nove, of absolute mag. about —5, and Sapernove, about — 15. 

Il. Long-Period Variables. Jfiria's, Periods, §0-000 days, averaging 2) days: red stars/Ginnta), of Types M or N, aonietinues 
5, K, or KR. Range of variation usually several magnitudes; periods, and maximum magnitude attained, are wenally 
irregular; rise of magnitude usually much faster than the decrease. Typical star, « Ceti (.Wira):; see Notes on Map 6. 

IT. Tereguiar Variables, Stara of all types from G to |N, sometimes associated with nebular matter; no regular period; 
moat vary only ao magnitude or two, Many varieties, but five chief divisiona :— 

a. Red stara with slight variations, like « Cophei. [Tauri, R Sceuti, W Cy 

i AVF Tauri Type. Variation averaging 2 magnitudes, Bright and faint maxima somewhat like the Lyrids. Typical stars, v 

es. O Geminorum Type, Constant minimum for many weeks or months, then o sudden blaze-up of several magnitudes in 
alternate long and short maxima, with slower fall to a conatant minimum. 

d.  Corone Boreal Type, Normal for months or yeara, then decreases many mognitudes, and after an irregular interval 
of similar order to the period of normality, returns to normal, Rises leas quickly than it falls. See Notes, Mapa 11-12, 

e. Nowo-like Stora; quick risea like the Nove. Moat notable star, y Argis, ace Notes on Maps § and 16. 

IV. Short Period Variables, with periods mostly less than 50 days—excluding those of ‘eclipse’ Type, 

Cophels. Chante with « rather sudden rise of light, followed by a more gradual fall to minimum ; periods from a few 
hours: to a month or two, but averaging 7 days; range of variation usually less than one magnitude; spectrum at 
thinimum may bea whole Type lower than at maximum. Typical star, é Cephei; see Notes, Maps 3and 4. Cepheids 
are of great importance for finding stellar distances, as those of the same period have the sate absolute magnitude, 

Cluater-type Cepheids are those with less than 4-hr, periods, being found in great numbers in the globular clusters, 

Poeudo-Cepheias are stars with spectra aimilar to those of Cepheid variables, but which do aeé@ vary in brightness, 

V. Eclipsing Variables, so called because the decresse in brightness is due to eclipse, at regular intervals, by a companion 
which may be fainter or dark. The Lyrids are also classed as short-period variables, but are now believed to be eclipse 

Algolids, A single well-marked minimum, sometimes a slight secondary one, Typical star, Algol (Notes Map 5), LOFPe. 
Antaigot type. A kind of Cepheid like 3 Ane, with a light-curve opposite to that of Algolids; name now obsolete. 

Loris, Two equal maxima, with asmall intervening minimum between them, followed by a large minimum: also called 
éhimrodal on account of the shape of their components. Typical star, ¢ Lyre; see Notes on Maps 13 and 14. 

Vi. Secular Variables—stara which, in the course of centuries, have imperceptibly faded or increased in brightness, of 
which there is some evidence. Thus the Greek legend of the fading away of Sterope, one of the Pleiades, is probably 
based on an astronomical fact §& Libre, and Castor are other supposed examples. 





NEBCLA, 13 


Nebul are small, faint, misty, patches of light; only a very few are visible to the naked eye, auch as the Great 
Andromeda and Orion Nebulw, representative of two different types, They are usually more or less regular in form— 
spirals, spindles, ovals, and spheroids—but some are irregular or indefinite in outline: some are resolvable into 
patches of very faint stars; others ure masses of gas of extreme tenuity, estimated as a thousand millionth of 
the density of air. There are various types :— 

I. Galactic, Gaseous, or Green Nebole (belonging to our System), Classes fo) and (+) of these tend to cluster in the plane of 
the Milky Way—unlike the extra-valactic or ‘White’ Nebulm, chiefly found towards its north pole. There ore several 
subdivisions ; (@) and (4) have bright-line spectra ; but shine not by their own light, but by sbsorption and re-emission 

of radiation from high-temperature stars within them. 

jo frreqular Nebule, Preponderate towarda the Milky Way; irregular or indefinite in form, distinguished telescopically by 
their greenish ot bluish colour; small radial velocities, Chiefly composed of ‘nebulium’ (AMDOOT, 3727), tt, ionived 
oxygen, Oi, Ot, with hydrogen and helium; may be connected with earlier stages of star formation, usually but 

| not always, having sturs shining in them, evidently intimately connected, The Great Orion Nebula (Mag, N.G.C. 
, 1976) is-of this Type; distance may be abowt 1900 light years. Much fainter, and shown best by photography, are 
ia the nebulosities round, or joining, some stars (as in the Pleiades), also obviously connected with the stars, 

6. Planetary Nebula, More or less circular in form, and so-called because in a small telescope they somewhat resemble 
the faint dise of a planet; only a few have a brighter central condensation. All havea central star of small mass and 
high temperature (White Dwarf) within them—occasionally not distinguishable—to which the visibility of the 
nebula is due, Tend to condense towards the Milky Way: related to Wolf-Rayet stars (p42), which have similar 
spectra but amaller masses and velocities ; alao to Nove, which towards the end of their outburst firat become planetary 
nebule, then pass into their final stage, showing spectra identical with those of Wolf-Rayet stara, Mean velocity 
25°4 lem, (15-7 miles) per second: masses up to 140 times the Sun's. 

é. Jnewilte Vebute or interatellar matter—unsean either by oye‘or camera—non-luminons, fairly even! y-distributed, excess- 
ively tenuous clouds of calcium, hydrogen, and sodium, inferred to exist as the simplest menos of necounting for 
stationary lines of these elements in the spectra of Nove, and of very distant O and B binary stars. The star-light, 
traversing an enormous length of the interstellar matter, suffers another absorption, and as the matter rotates with 
the Galaxy, its ubsorption lines do not move to and fro as those of the moving components do (see page 25), 

Vote,—The tomperstures of gaseous nebolmand of interstellar matter are given as being of the order of 100,000" and 15,000° RK, reapect. 
tively, This means that their atoms are moving with the velocity corresponding to those of a denae gas at these temperatures. 

Il, Dark Nebula, Supposed to cause the dark gaps, and the great irregularity of width and outline, in the Milky Way, and 

dark patches elsewhere: revealed by photography and star counts. Great irregular clouds of non-lnminous opaque 
matter, most probably dust, which, being nearer to us than the Galaxy, ahut out the light from the celestial objects 
beyond them. Largely in the neighbourhood of the Galaxy ; some are probably only a few hundred light-years away, 
Herschel believed these to be empty lanes between the stars; his‘ Hole in the Heavens! is almost certainly No, 86 in 
Barnard’s Catalogue (p. vi). 
IIT, Extra-galactic or * White’ Nebule, — Island Universes, similar to our uwn Galaxy. Appear about galactic lat. 10° N.&S.: 
rapid increase to 30", slower to 70", Faint continuous spectra, more or leas resembling that of a star; may be composed of 
myriids of faint stars; by far the most numerous type, Probably evenly distributed through space, those in lower galactic 
latitudes being veiled by absorbing mutter. 

«. Jrregudar Nebula. Irregular outline ; the Magellanic Clouds are of this type. 

b, Spina! Nebuler, mostly found by photography, Outline regular—elliptical, apindle-shaped, spiral, and harred—with"n 
definite nucleus, The Spiral Nebule are the most common ; not found in the Milky Way, but tend to cluster about 
the Galactic Poles, especially the Northern one ; thickest in the region opposite that in which the Globular clusters | 
are mest wiimerous, Distances of the order of millions of light-years; mostly receding from us at high velocities — 
$00-40,000 lcm, (200-25,000 miles) per second—approximately proportiona] to their distance, about 00-850 km. (20- 
S20 miles) per megaparsec, Some geen as ‘spindles’ or ellipses, are obviously spirals viewed edge-on. Spiral nebule 
frequently occur in groups, the more noteworthy being those in Ursa Major, Virgo, Canes Venatici, and Leo. 

The Great Andromeda Nebala (M31, N.G.C.224, visible to the naked eye), is of this type; the distance is 800,000 light- 
years. Apparently approaching, as the result of the Galactic rotation, but actually receding, 






The Magellanic Clouds or Vubecula Major (the Greater Little Cloud), and Vubecula Minor (the Lesser Little y 
Cloud) are now recognised as extragalactic objects—island universes, the nearest neighbours to our System, and 
typical ‘Irregular’ Nebulw (extra-galactic). They are invisible from the latitude of Europe and the United States, 
their respective Declinations being 70° and 73°S.; their R.A.s Sh.30m. and Ob.50m, 
To the naked eye they appear like detached portions of the Milky Way, from which they are some 30° to 40° distant - 
in the telescope they are seen as-a marvellous combination of stars, clusters, and nebule. The distance of the Large 
Cloud is 112,300 light-years; of the Smaller, 101,300 light-years: diameters, 14,000 and 6400 light-years respectively 











T4 ASTHONOUMICAL TERMS. 


Parallax is the angular difference in direction of an object when viewed from two different standpoints, expressed 
by the number of seconds or minutes of arc subtended by the line joining the two standpoints, av seen from the object, 
The parallax of a star is reckoned on a different basis from that of the Sun or of o planet, 

In Divena!l Parallax, used for members of the Solar System only, the two standpoints are the Earth's centre and 
the observer, separated by the radius of the Earth's diurnal or daily circuit; it is greatest when the object is on the 
observer's horizon—the Horisontal Parallax—and decreases to xero at the zenith, when object, observer, and Earth's 
eentre are in the same line; aa ordinarily stated it is the Aqucforial horizontal parallax, for the Equator, where the 
Earth's rading is greatest, When the object ia not on the horizon it has Parallax in Altitwde, which decreases to 0” 
at the zenith. The Moon has the greatest diurnal parallax, max. 1" 25’, mean 57'.* 

dnnuel Parellaz—used for stars and nebulx only, their diurnal parallax being unmeasurably small—is the 
angle subtended by the mean radius of the Harth’s orbit—the yearly circuit, as seen from the star. Except for the very 
nearest stars, the very minute angles involved make the results somewhat uncertain; photographs taken six months 
apart have replaced, with far greater convenience, direct angular measurement, angles with a probable error as small 
ag O"-01 (1/360,000 degree) being measurable, The greatest parallax known ei 765) is that of Proxima Centauri, 
though very faint the nearest star: it is physically connected with o Centauri, 2° away, which has parallax 0°-758.* 

A Negatww Parallax (annual), stated in figures prefixed by minws, indicates an unsuccessful attempt at measure- 
ment, the distance of the star being made greater than that of the (assumed) much more distant comparison stars: 
the errors of observation may have exceeded the amount of the parallax, or the comparison stars been more displaced, 

Stellar Parallax.— When stating parallax it is usual to give the basis of measurement, so that the ‘ weight,’ 
or degree of reliability, may be estimated, some of the many methods now available giving better results than others, 

Trigonometrical Parallax, the foundation for the others, is that measured by angular observations, direct or photo- 
graphic. When measured with reference to some other stars, assumed to be much more remote on account of their 
faintness and small proper motion, the parallax is called the Aelatiws Parallax; if the average parallax of these 
reference stars can be estimated by some means, the relative parallax so corrected is called the Absolute Poreliaz. 

Absolute Magnitude Parallaxes are calculated from the absolute magnitudes deduced from various phenomena; 
comparison with known trigonometrical parallaxes shows that exch method gives results more or less in fair agree- 
ment:—Cepheid parallax, derived from variation-periods of ‘Cepheid’ variables (p. 12), is probably very accurate on 
the whole, subject to some wneertainty as to xero-point; it is specially valuable for extremely remote objects. 

Spectroscopic Parallax i¢ found from the in tensity of certain lines in some types of spectra; Spectra! parallax, from 
spectral Type and Giant or Dwarf classification (p. 20), where there is no marked separation into Giants and Dwarfs, 

Dynamic or Hypothetical parallax is a probable parallax caloulated from the period and angular dimensions of the 
orbit of a binary star, the mass of the system having to be guessed, As, however, the average star mass appears to 
beabout that of the Sun (p. 20), this unknown factor can be estimated on that basis with little likelihood of introducing 
much error, a5, fortunately, a very considerable change in the mass value makes only a small change in the parallax, 

/nterstellartine porallax, based on a definite relation between the intensities of these lines (see p- 23) and the 
rotational term of the Galaxy, “should give more reliable parallaxes and absolute magnitudes than any other avail. 
able," for the distant O and B stars, (See Pub. 2.A.0., Vot, dé, », 94, 1939). 

Mean Parallax, though not applicable to single stars, is valuable in statistical work for groups or classes of stars ; 
it is based on relationships of their proper motions to the velocity of the Sun's own motion in space, and the stars’ 
angular distance from the Solar Antapex (see p. 27), It becomes increasingly important as the lapse of time enables 
proper motions to be known more and more accurately. 

Seeulay Parallax, also for groups of stars only, is deduced from their ‘parallactic motions’ (p, 15), valued at 90° 
from the Solar Apex (p.27). Seewlar Feriation of parallax results from the radial motion of a star towards or away 
from the Sun, which will, sooner or later, sensibly change its annual parallax, 

Group or Stafaticeal parallax is based on the reasonable assumption that in a fair-sized group of stars, those of 
the same magnitude are at the same average distance, the visual magnitude being thus an index of their distance, It 
requires, however, a starting point based on some other parallax, such as Secular parallax. 

Moseluminosity parallax, found from mass-luminosity (p. 20), is perhaps not so reliable for the hottest stars, 


ee Ee 


Astronomical Unit (A.U.).—The unit for Solar System measurements, and the base-line for stellar parallax, 
is the Earth’s mean distance from the Sun, $2,897,400 miles, or 149,504,200 kilometres (last four or five figures not 
significant), the distance corresponding to the mean equatorial parallax 8":80. This parallax, adopted in 1896 as the 
international basis for ephemerides, ia expected to be near enough to the true value to require no alteration later.* 

Cnet Distance. The angular diameter of a planet ‘at unit distance,’ used when comparing the diameters of planets, 
is that which the planet would have, as seen from the Sun's centre, if it were placed at-a distance of 1 astronomical unit. 
A million astronomical units has been called a Siriometer, a term first used by Sir W. Herschel in another sense—the 
distanoe (then unknown) of an average firat magnitude star, assuming brightness a an index to the nearest etara, 

* See p. vili for Table of Parallazes, atac b 75 


ASTRONOMICAL TERMS, 1h 


Parsec: Light-year.—A Pare is the distance of o star having o parallax of 1"; a Light-Yeor, the distance 
that light, travelling 186,300 miles (299,800 km.) per seeond, traverses in a year—a convenient popular unit. 

1) parsecs (a dekaparsec, in Metric notation) is the distance at which absolute magnitude (p.17) is computed ;* 
a Ailoparsee is 1000 parsece, A Megaperses, for remote nebulm, is « million parsecs, or $4 million light-years. 
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Radial Motion.—The Radial motion of a star is its apparent motion in the line of sight, either towards us or 
away from wa; it is not the star's own real space motion (see below). The Aadtal Velocity is the radial motion 
expressed in milea or kilometres per second, which is found by the spectroscope to within 4 mile per second under 
favourable circumstances: + is used to indicate recession from us, and — to indicate approach to us. 

Proper Motion, or angential Motion, is a star's apparent angular motion (if any) on the star sphere at right 
angles to the line of sight, expressed in seconds of are per year or per century; it is found by comparing the star's 
present position with that which it occupied at the time of the earliest reliable observation—precession, nutation, 
parallax, and aberration, being allowed for. As this angular motion is continuous, though in general very minute, it 
has to be taken into account when preparing a atar catalogue for a given epoch (see note p. vi as to + and — }, 
The following are some of the greatest proper motions known: o long list is given Sia Journal, vol. 41, 1914. 


Uraa Major. Groombridge 1830 (mag. @, Proper motion 7”. annually = = es a 
Pictor, ... G24. &h, 243 (mag. 9}, a", er ese 
Ophiachus. Munich 15,040 ( ‘Rarnard’s star, ming. 9 4) 10", found 1916, the greatent “yet discovered 


The observed proper motion is not a atar’s real tangential motion in space, but an ‘apparent’ motion, being aifected 
by the Sun’s own motion through space towards the Solar Apex (page 27), Some stars have practically no proper 
motion—a result due in general to their very great distance, The Jangential Velocity ia the Tangential motion ex- 
pressed in kilometres or miles per second: the star's distance must be known. 

Linear Motion, —A star's linear motion is the resultant of (a) the radial motion, and (4) the proper motion, ex- 
pressed in /inea!, not angular, measure, and requires a knowledge of the parallax, The linear telocity is the linear 
motion expressed in kilometres or miles per second: to obtain that with reference to the Sun, at right angles to the 
line of sight, divide the annual proper motion by the parallax, and multiply by 4°74 for kilometres, or 2-05 for miles, 

Space or Peculiar Motion,—A star's space or peculiar motion (also known as Absolute, or Real motion), with 
reference to the surrounding stellar system, is the resultant of ita Radial motion, and its motion at right angles to 
the line of sight, corrected for the Solar System's motion (p, 27): the corresponding velocity is its Spatee-melocity, 

The A-term, If the space-motions of the stars were at random, there should be as many stars with recessional 
(+) velocities, as there are with approaching (—) velocities, Statistics, however, show a surplus of recessional (+) 
velocities; this excess over the — velocities is the K-term, Improved data have reduced the original amount. 

Cross Motion.—This term denotes a star's angular motion at right angles to the great circle joining the star 
with the Solar Apex or Antapex : the Cross Veloetty ia the Cross motion expressed In miles or kilometres per second. 

Parallactic Motion, also known as ‘Secular parallax,’ is the apparent displacement of a star caused by the Sun's 
motion—which displacement is known with ever-increasing accuracy as the years go on. The average distance of any 
class of stars can be found from their Parallactic motions, but the method is not applicable to individual stars, 

Star Drift; Star Streaming.—Sometimes the members of large groups of stars are found to have proper 
motions similar in direction and amount; Proctor called this Star Drift ‘Drift' may also denote the motion of a 
group of stars relatively to the Sun. Ster Streaming is Star Drift on a large ecole. In 1904, Kapteyn found that the 
stars, in general, are moving in two favoured directions, which, when corrected for the Sun's motion, are diametrically 
opposite on the star sphere, and both exactly in the plane of the Milky Way. 60° of the stars belong to Stream I, 
and are moving towards R.A,, 6 hra. 20 min., Dec. 12° N.; the other 40%/—Stream IT, which has about half the veloc- 
ity of the first—move towards H,.A., 18 hrs, Dec, 12°85. These points are known aa the Fertices of Star Straaming. 
The centre of mass (or rather, of mean position) of the stars in a streaming star group is called the Centroid, 

Athird stream, known as ‘Stream 0,’ practically stationary, consists of the majority of the B-Type stars, which 
seem to belong to the * Local Cluster” (p. 11). 

Gould's Belt of Bright Stars, the nearer or brighter stars of the Local Closter (which includes the Sun), is a 
great-circle belt of bright stars which ia inclined some 20° to the Galactic Plane: its equator is (roughly) a line drawn 
from + Cassiopeiz between «and § Orionia, ¢ Velw and 8 Carine, a and § Centauri, « and « « Scorpii, back to the 
stuart, g some 9° 8. of a Ophiuchi and Faga, and close to 6 Cygni, 





* ‘The distance of Foliex, very nearly. 

















16 ASTRONOMICAL TERMS. 


‘Star Magnitudes.—The brightest stars are said to be lat magnitude ; those less bright, Qnd magnitude ; those 
atill less bright, 3rd magnitude, and soon, Each magnitude is 2-512 (about 24) times as bright as the one below ite 
astandard Ist magnitude star (¢.9, Aldebaran, Altair) being 100 times aa bright asa standard 6th magnitude star, 
which is about the faintest ‘lucid’ star, ie., visible to the naked eye. As, however, several Ist magnitude stars are 
much brighter than Aideboran, the range of magnitudes algo runs in the other direction, a star of magnitude ‘0’ being 
about 24 times aa bright os one of magnitude 1, and aatar of magnitude minus 1, about 2} times brighter than one of 
magnitude 0, and soon, After magnitude 6, the magnitudes run on, 7th, Sth, do., for the telescopic stars, the 11 th 
magnitude being about the fainteat visible in a three-inch telescope, and the 18th, in the most powerful telescopes yet 
constructed; stars several magnitudes fainter are obtained by photography. (See Table of relative brightness, p. x). 

Intermediate magnitudes are denoted in tenths or even hundredths, thus magnitude 3°00 is slightly brighter than 
3-01, but less bright than 2-99, the magnitude increasing as the brightness decreases, On the minus aide of 0-0, how- 
ever, this is reversed, the magnitude figure increasing with the brightness, Thus magnitude — 0-1 is brighter than 
0-0; -1°0 is brighter than —0°9; and —1:9 is brighter than —1°6,and soon. Where there is no sign, magnitudes are 

always understood to be +, but + is usually given in the case of ‘absolute magnitudes’ (see p. | 7), In the general 
sense, ‘lst mag.’ usually means all stars brighter than mag. 1-5; ‘2nd mag.’ those between 1-5 and 25, The magnitudes 
in modern catalogues are always calowlated for the zenith: at lower altitudes atmospheric absorption diminishes the 
brightness, and has to be allowed for when comparing stars at different altitudes; see Table, page 42, 

Numerical Ratios of Magnitude.—On the 2-512 times basis of reckoning each magnitude, every difference 
of 5 magnitudes means a multiplication or division by 100 of the starting magnitude, thus let magnitude is 100 times 
brighter than the 6th; 10,000 times brighter than the llth, and a million times brighter than the 16th, while mag- 
nitude 00 is 100 times brighter than magnitude 5, This “stellar magnitude” method of comparison is now used for 
other comparisons than its orizinal one of visual brightness—as for stellar heat-radiation, and even for temperatures. 

Lf the stars were uniformly scattered through space, there would be 3-08 times a3 many stars of a given magnitede 
ag in the one just above it; departure from this number (called the ster ratio) indicates crowding, or, thinning out. 

The 2-512 scale, now the standard, was introduced by Pogson in TS), 2512 being the Sth root of 100, or the logarithm 0-4, 

Boss's P.G.C., 1910, employs an older ayatem with a light-ratio 2201 (log. =0°30), approximately thet of Argelander's 
Cranometria Nove, 1843, Boas and Pogson magnitudes are the same about mag. 3°68; below* 3-6 Dose is fainter, mag. 6-0 Pogeon 
being about 62 Boss. Above* mag. 38, Boss is brighter, Vega being 00, Sorts — 20, Bossa ; against O14 and—155 Pogson. 

International Magnitude Seale.—Though based on the same light-ratio, the magnitudes found at Harvard, 
Mount Wilson, Potsdam, &ec., show amall systematic discrepancies, due to the instruments, atmosphere, de. Thus for 

accurate comparisons, each must be ‘reduced’ to the scale with which it is to be compared, by means of Tables prepared 
by Isborious analysis (see Harvard Annals, Vol. 14, and Astrophysical Journal, Vol. 61). The Harvard (photometric), 
and Mt, Wilson (photovisual) Scales are most generally used, and the former was adopted (1922) as the basis of Jnter- 
national Magnitudes-—a photographic Scale. Taking the stars of Type AO between mags, 5-5 and 6-5, in the Harvard 
North Polar Sequence (a list of earefully-measured stars near the N. Pole arranged in order of photographie magnitude), 
the mean International magnitude of these stars is defined os being the same as the mean magnitude of these stars 
on the Harvard visual (photometric) seale—which, for Type AQ, is identical with the Harvard photographic senle. 

Visual or Apparent Magnitude is the brightness as directly estimated by the eye; when the brightness is 
measured instrumentally by the photometer, it is called the Photometric magnitude. 

Photovisual Magnitudes are obtained photographically, using a colour screen and isochromatic plates adjusted 
approximately to the light-sensitiveness of the eye; they tend to be rather brighter than the visual or photometric 
magnitudes, and are becoming of great importance as they give more uniform results. They minimise both the 
inatrumental and the brightness ‘colour equation’ difficulties (see p. 17), and the photographic plate and colour 
gcreen used seem to make no great difference in the results, (Red and photo-electrie magnitudes, sve p.17). 

Photographic Magnitudes are those obtained by measuring the diameters of the images on a stellar photo- 
graph. For one-half of the stars the results are accordant with the visual magnitudes, but in the other half, owing to 
the bluer stars being more actinic, and the redder stars less ac tinie, the blue stara photograph brighter than they are 
visually, and the red stars fainter, by an amount depending on the spectral Type of the star (p. 18). 

Colour Index (contracted, o/i) is the difference, in stellar magnitudes, between the photographie magnitude 
and the photometric (or photoviaual) one, the photovisual index tending to be the greater; on the Harvard colour 
index scale, Type AO has c/i 0°00, its visual and photographic magnitudes being the eame, Colour indices greater than 

2-Oare probably very rare; S Cephei, Type Ne, has the very great colour index +5-f, Colour Index Table on p, viil. 

Photographic Magnitude minus the ¢/i= photometric magnitude, Photometric Magnitude plus the ¢/i=photographic mag. 

Colour Index = photographic mag. io s Orionis, Typo BO, visual mag, 1°75, plus c/i —O'31=photographie mag. 144, 
minus the photometric mag. etelgense, ,, MO, » Off 4, +168= a 260. 


The — indicates that ¢ Orionia is brighter, the + that Betelgeuss ia fainter, than AOQ—photographically. 
* Used in connection with magnitude, ‘above’ means brighter than ; * below,’ fainter thon. 
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Absolute Magnitude.— Visual magnitude is no criterion of intrinsic luminosity, as many distant stars appear 
far brighter than some very near stars, Absolute magnitude is the brightness a star would have if all the stars were at 
the same distance from us: it is found by calculating what the observed visual magnitude of each star would be if each 
were placed at a distance of 10 parsees—that equivalent toa parallax of 0-1, or about $3 light-years-—which of course 
requires a knowledge of the star's distance, Conversely, if the absolute magnitude can be found by some other means, 
the star’s distance can be calculated. Absolute magnitude is therefore of great importance in stellar research, as it 
enables luminosities to be compared, and gives many unmeasurable parallaxes. In absolute magnitude, asin visual, the 
‘greater’ (numerically) the magnitude the less luminous is the atar, if +: the more luminous, if =. The Jndtegrated 
absolute or visual magnitude, ofa nebula or star cluster, is that of the total light received from the object. 

The Sun's absolute visual magnitude is +4°9, roughly +3°0. A l-parsec standard distance was in use till the inter- 
national adoption of the 10-parsec standard (1922); it had the advantage of having the Sun's absolute magnitude 0-0. 

The absolute magnitudes of Giant stars vary only one or two magnitudes (from about +1:0 to - 1°0) in their pro- 
gression from Types Mto B. Those of the Dwarfs fall off a magnitude or two as each successive Type below is reached, 
until about +154, in Proeima Centauri, a red star perhaps nearing extinction, and in Procyon A, almost the faintest 
absolute magnitudes known, #igel and Canopus, on the other hand, attain about —60; Supernove in Spirals, — 15, 

The most luminous star known is S Doradias, o variable star in the larger Magellanic Cloud, some 14 magnitudes, 
ur 400,000-500,000 times brighter than the Sun: photogr, abs, mag, at brightest, —8-0. The least luminous is Wolf 
S39, 8 near-by star of mag, 16-5 visual, 18-5 absolute: its luminosity is only 1/50,000th that of the Sun. 

To find Absolute Magnitude:—Aba. Mag, =visual mag, +5, plus 5 times the logarithm of the parallax, .W=m+5+5 log z, 

Red Magnitude and Colour Index (Harvard photo-red, #.A., vol. 89, p. 92; effective wave-length AG300),.— 
On this system—the effective wave-length of which is halfway between the Cand D linea, and about the wave-length 
at the average intensity of the vividfe solar spectrumm—red colour index is about 305! greater than yellow o/1 (Internat. 
photographio [J] minus photovisual [m,.] mag.): Huered and yelfou-red c/fi=1—m,,, and m,, —m,,. 

Photo-electric Magnitudes are measured by a photo-electric cell (different from the thermo-couple used in 
the bolometer); it gives great accuracy for differences between stars of the same spectral type. There is no photo- 
électric magnitude seale, as cells vary in sensitivity to different colours; (the bolometer integrates all the radiation). 

Radiometric or Bolometric Magnitude gives the tote! radiation emitted by a star—the light, heat, actinic 
rays, ete.—using a thermo-couple or bolometer, instead of the eye. The variable stars Wire and y Cygni, at maximum, 
emit nearly twice as much radiation as at minimum, but their light increases some 1000-2000 times, 

Radiometric Magnitude is expressed on the same system as visual magnitude, and the difference between the 
radiometric and visual magnitude is called the Meat Jnaex (corresponding to the photographic Colour Index), the two 
being assumed to coincide for Type AO. (See Mt. Wilson Annual Report, 1925). 

Solometrice Mfagnituds, on the other hand, agrees with visual magnitude for that Type of star whose radiation 
has maximum luminous efficiency, so that visual minus bolometric magnitude is always positive (+), or sero, The 
Type for which the visual and bolometric magnitude agree is vory nearly that of the Sun (Type GO), The Sun's 
absolute maynitade is about 4-6 visual, 4°6 bolometric; radiometric, 49. (See MN., vol. 77, pp. 29 and 604). 

Combined Magnitude is the resultant magnitude of two or more stars, so close together as to appear to the 
eye (or be treated) asasingle star. It is the magnitude corresponding to the sum of each star's individual brightness, 
referred to that of mag. 0-00 taken as 1, and is found as follows (adding the two magnitudes would give a fainter one), 

A star's magnitude multiplied by —O4 gives the logarithm of ita brightness relative to mag. 000, 
The logarithm of o star's brightness relative to mag. 0°00 when divided by —O'4 gives the magnitude. 

Colour Magnitude is the magnitude of a star measured for each of the wave-lengths (referred to BO ag 
standard), and reduced to standard AO by theoretical black body radiation (see Af_5.848). 

Opposition Magnitude is the magnitude of a superior planet when in opposition (p. 5); the planet is then 
nearest the Earth and brightest, and (in theory) is only then seen with its dise fully illuminated, Ordinarily the term 
denotes the opposition brightness at mean distance, as a planet's distance and brightness vary at different oppositions, 
The following Table gives the approximate range of planetary variation in magnitude (see also diagram page 41). 


Planet Max. mag. Mean oppo Min. mag. Planet, Max. Meaneoppim. Mim. Planet Max, Meaneppos, Min. 
Mara -28 =—1'55 =—I'l Sa brn —O0'4 -O'1bee +089 OF | Neptune Te Tho Ted 
Jupiter =—25 — 2-23 =2'1 Uranus Bao ord GOT Pluto 12-4 14 1h-2 


Limiting Magnitude—The Limiting Magnitude of a star catalogue—the index of its completeness, aa 
omissions become inevitable at a certain stage—is that magnitude on the brighter side of which stars omitted from 
the catalogue about equal in number the stars on the fainter side included in the catalogue. 

Colour Equation: Magnitude Equation.—The first is a small correction on the magnitudes in different 
catalogues to eliminate (a2) the colour-selectivity of the instruments, atmosphere, de, of the observatories reaponsible 
for them, which affects the results, especially in photographs; (4) the uncertain brightness-colour error, due to the eye, 
known as the Purkinje Effect (p.42). The Magnitude Equation is a similar small correction, to remedy the error caused 
by transits of faint stars being ordinarily registered later than those of bright stars in the same position, 

E * Approximately that of Poller w= 0701, 
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Luminosity: Surface Brightness,—The luminosity of a star differs from its magnitude in being the actual 
amount of light emitted by the star, instead of the apparent amount, judged by its brightness to the eye. It depends 
on the star's diameter and teniperature, being the star's area (actual, not angular} multiplied by the amount of light 
it emits per square centimetre, or other unit—ie., by ite Surfice Brightness. The Sun's surface brightness is taken as 
mag. 0, and a star's relative surface brightness, + or —, is expressed in magnitudes (Table, p.viiij—symbolised by J. 
The luminosity relatively to other stara is given by the absolute magnitude, or luminosity at 10 parsecs distance. 

The higher the temperature, the greater the surface brilliancy; thus stars of the same absolute nagnitude may 
differ greatly in size and surface brightness, for a low-temperature ‘Giant’ (p.20} must have a larger diameter than 
a high-temperature B-star, to be of the same absolute magnitude. From this relationship the diameter of stars can 
be calculated, independently of their distance, from the visual magnitudes, the surface brightness being obtained from 
the Type. The diameters that had been predicted on this basis were found to agree closely with the observed values, 


a 


Star-classification by their spectra.—Secchi in 1863-67 found that when the light emitted by different stars 
was analysed by the spectroscope, their spectra fell into four well-marked groups which graded into one another, In 
1874, Vogel modified Secchi's scheme by adding two subordinate classes to Class I; another (Wolf-Rayet stars), to 
Class ID; and including his third and fourth types as subdivisions of the same order, Secchi's Types are now little 
used, except historically, but for very uncertain cases the I.A,U, defines them as follows (05 was formerly Oe):— 

Tyre L. O5-FS, predominant hydrogen Hoes, | Tyrn IIL. M, titanium oxide bands.) Tyra V. Oa-Od, bright Wolf-Rayet 
» I. F 8-55, prominent metallic lines, » IV. N and &, carbon bands. | lines, 

About 1890, Pickering introduced the ‘Harvard’ classification, now universally adopted, lettering Secchi’s original 
groups, with others, as in the table opposite, the various sections being spoken of as Type O, Type B, de. (Gradations 
or intermediates are indicated by combinations of the letters with figures denoting tenth parts, Thus B2 (a con- 
venient abridgment for B2A) denotes a spectrum nearly like that of Class B, but estimated to be two-tenths of the 
way from B to the following Class A: and 05 (=O5B) means five-tenths of the way from O5 to the next Class, which 
is B, as Types W, 0, are first in sequence—the original order was A, B,, &e,, but from later information it was 
altered, and some unneccessary letters dropped. Secchi's classes were based on visual, the Harvard on photographic, 
spectra, but on the woole they are fairly accordant, Type R was added 1908; 5, 1922; W, 1935 (1.A4.U., recommended). 

BO is the highest of Class B (the ‘0' is a starting cypher, not a letter), and the sequence is 08, 09, BO, B1, BE, 
B3,. . .B9, AO, Al, A, &e.; the scale is thus a descending one, Sub-divisionss, b, ¢, &c., are used where there 
is uncertainty as to the details, but numbers are substitated when the necessary information is obtained: ‘ec’ and ‘n’ 
stars, however, are not subdivisions, but stars having ‘c’ or ‘n' characteristics (p.19). Variable stars are now classed 
at maximum (1922). For the sub-divisions included in a ‘Type’ when used in the average sense, or in statistical work, 
see next page, For details of Types O to N, see #.4., Vol.28; A.C. 145; and Draper Catalogue, 1924 (1.4., vola.,90-09). 

Early and Late Type stars denote Types B-A, and K-M, respectively, somewhat inconvenient survivals, In certain 
respects, of Vogel’s assumption that Type I stars were the youngest, and Types ITI and IV the oldest, before the 
Giant and Dwarf divisions (p.20) were known, For the same reason, the Main Sequence is the downward progression 
of increasing redness, O, B, A, F, G, K, M—Types BR, N, branching off at G; and 5, perhaps, at RS or MO. Type W 
may be the last stage of another sequence from Nova through planetary nebula to join Type © at the other end. 

Russell Diagram :—This shows very effectively the Giant and Dwarf relationship and the Main sequence, the stars being 

plotted according to Type (temperature), and absolute magnitude (luminosity), By adding curves representing 
masses, the Diagram has been extended to exhibit the mass-luminosity relationahip as well, 

Star Colours.—Colour is an index to physical condition and temperature (p.21). A list of the mean colour 
of each Type, and sub-division, is given in Monthly Notices Royal Astron. Society, Vol, 84, p.22, Oa to Oc are given 
as greenish yellow; B2, Bs, white; AO, pure yellow; AS, yellow; K2, orange yellow; M0, orange; R, orange red ; 
Ne, deep orange red: intermediate types merge into the next colour, Colour also affects twinkling, aa explained on 
page 38. The components of many double stars exhibit the curious phenomenon—sometimes merely optical—of 
being complementary in colour—orange and blue, or crimson and green, ke: for examples, see Notes Star Charts. 


Relative Numbers of different Types (Shapley)—Of the 225,000 stars, to about mag. 10, m the Draper Catalogue, only 
some 2000 are of other types than B, A, F,G, KE, M. Nearly 60,000 are brighter than about mag. 8} : 20,000 are essentially identical 
with the Sun, and 65 per cont are probably within 9000 light-years of us, A and K-are most common in the Milky Way. 


Type ars 0 hi A F G K M N KR 5 
| Fypan included . PROBS) (BRAT) (AGRE) 6 FSC0) (GRANT) (koe) ee bi 
No, of Stara as oan 8.567 64,259 21,120 46,552 70,208 13,804 
_Pereentaye : fo Mag, oe ine 10 sh lira at oul 81 ine ane oon 
" ow ow SE an | 267 11-0 1e-7 abd 76 











CLASSIFICATION BY SPECTRA. 


_ The Harvard (Draper) Spectral Classes.—The Table below gives the salient features*: the Roman numerals 
indicate Seechi's Classes (p. 18). The temperatures are those for a ‘black body’ (p. 21), and are more or less approx- 
imate, those below Type G (Sun=G0) being probably rather low. For the Radial velocity of each Type see page 20. 
Be, Me, Se, Oc, ke, stars denote B, M, 8, O, ce. stars having bright emission lines (see p. 23). 

‘Type B, ‘Type A,’ &e., when used in the general sense, or in statistical work, does not usually mean the series 

BO to BY, or AQ to AQ, but an average Type, in which AO, BO, é&o., are approximately central, including the latter half 

of those lettered in the Type earlier, just ag ‘2nd. magnitude’ is not 2-) to 2-9, but 1+5 to 2-5, or 1-6 to 25, Shapley's 
Table, opposite, indicates an (approximate) usual basis, but there is no definite rule: some begin Type B with OF, 

TL TYPE W. Wonr-Rayer Stars (at present in Type 0}, Continuous spectrum with many strong emission bands due to atoms 

eee of high lonisntion potential: most important Afe.1, 0, associated in a nitrogen sequence with Wi, rv, ¥ 

(Type W); or in a carbon one with Cn, m1, 1v(TypeW ') On, 1, rv, ¥: typical stars, W5, HD. 187,282; WG, 16,522. 

Tire O. Wotr-Rarer Stans(Greenish-white}, Very hich temperatures, large masses and velocities: bright hands in their 

spectra indicate connection with planetary nebule and final stage of Nove. All in Milky Way, or Magellanic 

Clouds, Subdivisions Ou, Ob, Oc, Od (Wolf-Rayet stars proper); and Oo, abolished 1928, 05-09 being substi- 

tuted, with Wolf-Iayet bands described by affixing a, b,o,d,aaQeb. (25,000° K., 62,000°F.). + Felorum. 
Ontox or Heoom Stars (Bluish). Helium lines prominent: very brilliant and hot: large massea ; mean density 

1/10th Sun's, Verydistant: small proper motions and mean velocities: strong Galactic concentration; brightest 
mostly belong to Local Cluster; great globes of glowing gas, (25,000° K., 44,000" F.). ¢( BO), 3, f Grionte: 2 Crucis, 








V. 


a] 


. Type B, 


Type A. Sitax or Hronogex Stars (White), Balmer Hydrogen lines very intense, Helium absent. Most numerous Type 
after K, Predominate in low galactic latitudes. Greater proper motions than B. (11,000" K., 20,000" F.), 
Sirma {AO}, a Andromeda, § Carina. 

Tyre F, Statas-Sonak or Canc Srans (Yellow-white), Calcium H and K lines very prominent ; Hydrogen lines much 


less intense, metalliclines increase. Much less numerous than A, but includ ws majority of known binaries, and 
large-proper-motion stare ; little Galactic concentration. (75O0" K., 12.900°.7 5 Canopus{FO), + Hootis, a Aydri. 
SOLAR Btana (Yellow), Hydrogen lines narrower and still less intense ; H and EK calcium lines prominent, and 
many fine, dark lines in spectra. Density of Dwarfs about 14 times that of water. Move more rapidly than 
preceding types. Litthe Galactic concentration, (6000° K.,10,000° F.). Sun, Capella, (G0); a! Centawri, 8 Myars. 
ASOTURIAN or Ran-Sonan Stans (Orange-yellow). Hydrogen lines fainter, hydrocarbon bands appear; density of 
Giants about 1/10,000th Sun's: most numerous type, predominate on the whole in low ealactic latitudes. 
(4200° K., 7000° F.), Arcturwa(K0), ¢ Ursa Maj.; 2, 8, Indi. | 
ANTARIAN STARS (Orange). Spectra like that of the Sun, but with broad titanium oxide and calcium bands or 
flutings. Density of Giants leas than 1/20,000th of Sun's; of Dwarfs, greater than Sun's. Very distant: higher 
mean velocities than B to K, in all directiona ; widely scattered. Fainter stars show a preference for the onlactic 
centre (Sagittarius region), Sub-classes were Ma, Mb, Me, Md (bri ght linea): Md waa abolished 1922 (the 
temiesion’ LET tp! aitioes |, the others were made MO, M 3, LG. (SOK Kd O00"F,), Betelgeuse( MO}, Antares, Mira, 
Cansoy Stans (Deep orange-red), Peculiar band spect like those of comets and candle-flames, due to carbon com- 
pounds; two-thirds in or near Milky Way. Probably in a branch sequence, G, R,™%. Sub-classes Na, Nb, (made 
NO and N4, 1922), and No, the deepest red of all the stars {as 8 CepAer). (2000° K., 4200°F.) F Canwm Fen., 


Ul. Tyree G. 


Trpe K. 


Ill. Tree M, 


[V. Tyre XN. 






Tire P. Used for gaseous nebulae, (or details sen HLA. vol. 28) [OU Hydra, 19 Pisedum, 

Tyre Q. Used for Novae, Divided meanwhile (1928) into Qa, Ob, Qo, Qd, Qu, Qx, Gy, Qz ; the last has weak Wolf-Rayet 
bands, but, unlike those before it, no bright hydrogen lines. (See page 42; and Trans. J.A.0., 1922, 1929), 

Tyre BR, (Orange-red). Carbon bands; visually resemblea N, but photographically different, blue and violet being brighter; 





not ao red as Mor N: brightest, mag. 7. Probably joins main sequence at G, the branch Se WeTLOe being G, KN. 
Added 1908 (4. 0.145); mostly in N previously, (2300°C., 4500°F,), 3D. —10° sve7 (RO, C.D —ay" TeO8 4. 
Tyre 5, Hedastars. Mostly long-period variables; very complicated spectra, bright hydrogen lines, absorption and omission 
lines, and some zirconium oxide absorption bands; perhapea branch from Kor MO, Added 1922; mostly in 
N previously. (See a list Wf. W.Contr. 252), ... aa ia w! Gra, 4 Andromede, Cwand 
Notation for Peculiarities.—There are two sets of notations, one prefixed, the other affixed to the Type; 
‘earlier’ means in the Type B direction’; ‘later’, in the M direction, (The letters may be combined, as Ook.) : 

Merge Aaeeanlly WRRETW cad abago Toe0) + labile than Bo ae Woll: Ravet omission li banda: o tn = 
‘ hydrogen lines and enhanced lines abnormally strong Ie Stationary hedeouen “al saa ae a 

¢ Giant Stars. Enhanced lines fairly strong; low-temper- 5 Linke Pa wide or diffose: 


ature lines relatively weale ; hydrogen lines atrong aera | 
- ad : ; nai 1 Peculiarities: symbol of the element most affected j 
ad DrwarfStara: Enhanced lines weak, some calcium & titanium E oF BFAD OE OE SRE Shoes TN Aare ae 


(‘e' Not used earlier than BO; ‘g* and ‘d* than Fo) [limes strong. Nets (parenthesia: unidentified lines "Un," } 
Afixed. Absorption line on the violet side (with ), 

e Bright emission lines, except-in P,Q: remarkable, o! a Lines sharp, but ‘oc’ characteristic not present 

ey do ; with absorption line on the violet side, v¥ Indicates a variable spectrum. 

er oo dg. = sj, bright lines. conspic'sly ‘reversed’, dark centre. [ ] Forbidden lines; symbol of element in square brackets, 


em Bright hydrogen & fairly conspicuous bright metallic linea, 
* Types C.D, E, &c., of the original scheme were found redundant 
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: Giant and Dwarf Stars.—Spectral type indicates the temperature ; temperature regulates the surface bright- 
ness: and the surface brightness of a star multiplied by its area gives the luminosity or total amount of light emitted, | 
This, again, regulates the absolute magnitude, Hence, when two stars of similar Type have different absolute mag- 
nitudes, they must have different light-emitting areas, and diameters, This is well shown on a Russell Diagram (p.19). 
| Analysis of absolute magnitudes shows that on the one hand there is a continuous series of stars from Types MI 
to B, with increasing temperatures, which have great and fairly constant absolute magnitudes, ranging from about 
+10 to —2-0, or about three magnitudes. On the other hand there is a reversed series from A to M, with decreasing 
temperatures, and absolute magnitudes falling off a magnitude or two as each successive Type below is reached. 

Stars of the increasing-temperature series are known as Giants, those of the decreasing-temperature one as Diwarts, | 
hecause the Giant M-stars must have enormous diameters to appear as bright as they are with their low temperatures, | 
while the Dwarf M-stars must be small in diameter to appear as faint as they are, with similar temperatures. These 
names, however, only apply literally to the M or late K stars of the two branches, as the difference in diameter be- 

tween each branch continually lessens with each step forwards or backwards towards A and B, until, in these Types, 

| the members of each series cannot be distinguished: from FO, however, Giant and Dwarf stars are known by their 

| ‘enhanced’ and ‘low temperature’ lines:(p. 25), the Giants having a lower temperature than the corresponding Dwarts, 
which are bluer. The Dwarfs greatly out-number the Giants; the cooling stage probably lasts much longer. 

Super-gianta are about 1000 times brighter than the Sun, with absolute magnitudes greater than about — 2°0, 
like Betelgeuse; mean Jf (abs, mag.) about — 2°7. Sub-piants, a well-marked group, average about 10 times the Sun's 
brightness, with mean A= + 2:3. 
| The White Dieorfs—exceptional stars like the companion of Sirivs (Siriue B)—are stars of high temperature, 

l yet so very faint, in proportion to their distances, that their diameters must be of planctary size, and their average 
, density almost incredible—some of them millions of times that of water, their largely electron-stripped atoms being 
packed enormously closer than in the matter we know (see below), Being so faint, only the nearer ones can be seen. 


| Stellar Evolution.—These facts suggested the Hertzprung-Russell theory, that a star begins its visible life as 
| a diffuse low-temperature M-giant. In accordance with ‘Lane's Law'’—that a gaseous body radiating heat, and con- 
tracting under its own gravity, must get hotter as long aa it behaves asa perfect gas—the star gradually rises in tem- 
perature, and so passes into successive higher Types. At last a Type is attained —determined by its mass (see below). 
at which radiation balances the energy supplied by contraction, and the star therefore begins to cool, and, entering 
the ranks of the Dwarfs, passes downwards through the same Types again to invisibiliy, 

This theory, while it offers a very simple explanation of the Type-gradations, by no means explains all the tacts, 
and from the phenomena of Nove and White Dwarfs, it is now suspected that change of Type may be of a catastrophic 
nature, due to the collapse of a star. 

Mass-Luminosity Law.—lIf star are plotted according to mass and absolute magnitude (luminosity) they lie | 
along a amooth curve on the whole, mass + luminosity being practically a constant (except White Dwarts). This mass- 
luminosity relationship enables star masses to be approximately calculated from the apparent magnitude and luminosity. 
A star's mass seeme to determine ite temperature, for only those of great mass attain Type B, and those of very great 
masé Type O. It now seems certain that as a star grows older its mass decreases, mass being converted into energy. 

Period-Lu minosity Curve. —Many stars Vary in brightness, RO Te irregulariy, others in more or regular periods 
A certain type of these, known as Cepheids (p.12), have the peculiarity that those of a given period have practically 
the same absolute magnitude (luminosity); the longer the period, the greater the absolute magnitude, The visual 
magnitude of a Cepheid star, of known period, will therefore give its distance, This property of Cepheids is of 
great importance in measuring the distance of extra-galactic objects, but the reason for it is not yet known. 

Star Masses are only knowndirectly in the case of binaries, the average binary system having about 1°8 times the 
Sun’s mass (contracted, 1°8 G)); halving this, gives the average individual star mass as 0-9, or nearly that of the Sun | 
| The mass of non-binary stars is roughly calculable from mass and luminosity, see above, 

Masses five or six times that of the Sun are not common, and no mass lees than that of Kruger 608, 1/6th of the 
Sun's, isknown, The greatest known masees are the components of a mag. 6 O8 binary, Piaekett's Star (AD, 47,129, 
combined absolute mag. — 6°3), at least 158 and 113 times the mass of the Sun. 

Star Densities.—Those of Giant M-stars are very small, leas than that of air, being only some 1/10,000th to 
1/20,000th of that of the Dwarf Sun, which is 1-42 times that of water; Antares has no greater average density than 
the vacuum in an electric bulb, To make up, their diameters are of the order of 100 to 500 million miles (see p.17). 

The White Dwarfs are at the other extreme; Van Maanen's Star, absolute mag, (vieual) 4-4, is found to be about 
the size of the Earth, and some 300,000 times as dense as water—20 tons per cubic inch, A.C.4+70° 8247, a loth 
mag. (0 star, is half the size of the Earth, and 36 million times denser than water =620 tons per cubic inch | 
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Star Temperatures.—Spectral Type is chiefly a temperature phenomenon, and stellar temperatures can be 
measured by analysis of the ‘energy distribution ' in their spectra—that is, by ascertaining the point at which the 
intensity is greatest: the further the maximum intensity is towards the violet end, the higher 1s the temperature. 

A star temperature so found, however, is not that of the interior (which in the Main Sequence is of the order of 
30 million degrees K.), ar of the surface, but is what is called the Black Body or Effective Temperature, which may be 
defined as the temperature of a ‘perfect radiator’ (say that of a sheet of lampblack, the nearest approach to it) which 
sends out the same amount of radiation per unit of area as that emitted by an equal area of the star. This is baged on 
i Stefan's Law'—viz., that the total radiation is proportional to the 4th power of the absolute temperature (sce below), 
multiplied by a constant depending on the nature of the radiating surface. For the approximate effective temperatures 
of each Type, see p.19, The White Dwarfs have central temperatures of the order of 15 million degrees K ; the M 
Giants, only a few million degrees K. The lowest effective temperature known is about 2000°R, 

The Colour Temperature of a star is determined from the distribution of intensity in the continuous background 
between the lines of ita spectrum; it is always higher than the effective temperature based on the total radiation ; the 
difference increases with the temperature. The average Colour temperature of the AO stars (15,000°K.) ia the zero. 

The Absolute Temperature is the temperature above Absolute Zero, the temperature of a gas containing no heat, 

—273°C. {—460°F,), usually stated in degrves * K' (Kelvin), which is the ordinary Centigrade temperature plua 270° C. 
To convert K* into Centigrade degrees, anbtract 272°; into Fahrenheit,* multiply by 9, divide by 5, and subtract 460°, 

Opacity and Radiation Pressure are factors of great importance in the theory of stellar interiors, The first is the resist- 
anes of the gaseous material to the outward flow of radiation—hydrogen, the lightest element, offering lakat resistance ; the 
opacity of the highly-ionised atoms in stellar interiors is very great. Rodiation /Preaswre, the momentum of radiant energy, and 
proportional to the 4th power of the absolute temperature, 1s very great inside a star, and largely contributes to the support af 
the super-inerna bent matter, It aleo seema responsi ble for comets’ taila ; as the weight of spheres diminishes aa the enbe, 
and their projected areas aa the square, of the diameter, for exceedingly small particles in the comet, when near enough to the 
Sun, a point is reached at which radiation pressure excecis the gravitational pull, and these particles will be repelled from the Sun, 





Star Diameters.—The angular diameters of the stare are far below the limit of direct angular measurement, 
but, in 1921, interferometer measures showed that Batelgéuse, Antares, Arcturus, and later, Mira, have angular 
diametera of 047", 041", 022", and "056", corresponding to 217-, 400, 210-, and 125 million miles respectively, less or 
more, according to the parallax adopted. (The mileage for any parallax may be found by the simple rule given below). 
Hetelgeuse, however, apparently pulsates, varying from 0" -034 to O°'-047, Stellar diameters can alao be calculated 
on the basis of surface brightness and visual magnitude (see * Luminosity’), 

The diameters of White Dwarfs are of planetary size, Siriue # being rather amaller than Neptune; and A.C, + 
70° 8247, roughly half the aize of the Earth, 

Diameter in Miles. —Multiply the angular diameter in seconda of are by 92,900,000, and divide answer by the annual parallax. 
. Kilometres.— a i. i - ‘i 150,000,000), - Ps - i = 

Stellar Rotation.—In some spectra all the lines are equally wide, mostly faint, and fairly sharp-edged ; the 
metallic lines being wide, the Stark effect cannot be responsible, The wide lines are interpreted as being due to the 
star's rapid rotation, the widening being the effect of the lines produced by each limb, which are displaced in opposite 
directions. The most rapid rotation yet found is that of Affair, 260 km.jsec. (160 m.,/sec.), which rotates in about 
7 brs., although its diameter is about 1} times that of the Sun, Smallest velocity detectable, about 30 kim./seq. 

Star Velocities are best known from the radial velocities, found by the spectroscope with considerable accuracy: 
it gives the minimam-possible value for the ‘space’ or real velocity, which, in general, is greater, but is known less 
accurately, its other factors of parallax, proper motion, and solar motion, being more or less uncertain. The space- 
velocities cannot, however, differ greatly from the radial ones, unless the cross velocity is relatively great, As cross 
velocities, on the average, apparently do not differ greatly from the radial ones, the average space-velocity may therv- 
fore be taken to be of the order of 14 times the radial velocity, i.¢, the approximate resultant of two equal velocities 
at right angles, Welocities are expressed in kilometres or miles per second (contracted, ‘km. /sec.’, m. /sec. ). 

The majority of star velocities are under 30 kilometres (19 miles) per second, those of 50 km. (31 miles) are not 
common: but there are notable exceptions, RZ Cephei having the enormous velocity of 1100 km. (650 miles} per second. 
This is far surpassed by the spiral nebulw, which seemingly apeed through apace with velocities approximately pro- 
portional to their distance (about 500-550 km./secs, or 310-040 m./secs, per megaparsec), up to 200 million light-years. 
or more, for which the corresponding apeed is some 2650 million kilometres (1650 million miles) per day (Table p. xi). 

On the average, velocities tend to increase with advancing Type, os shown by the Table of approximate average 
radial velocities Camptell, dc. below : the velocity also increases as theabsolute magnitude increases, The velocities of 
the fow Ri stars known, fall into three groups; under 10 km./sec., about 40km,/sec,, and high velocity 250-380 km. /sec. 
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Stellar Equipartition of Energy.—While there are considerable differences in the velocities of individual 
stars in each Type, stars of low velocity, on the average, have large masses, and those of high velocity small masses, 
The kinetic energy of each star—the velocity squared multiplied by half the mass—iz also, on the average, approxi- 
mately a constant quantity, This has been shown to result from the interaction of the stars on one another over 
enormous periods, The B stars, however, do not conform to the rule. 

Light-Absorption in Space seems to be almost negligible, ms the distances derived from the brightness and 
diameter of the remotest spiral nebulw are fairly accordant, Within our System, however, especially nearthe Galactic 
plane, evidence favours aslight absorption, which reddens the stars—i.e¢., lessens their maximum intensity, displacing it 
nearer the red than the normal for their Type—making absolute magnitudes leas than they should be, and distances 
derived from them too great. For 0-7 mag, absorption per 1000 parsecs, at 500 parsecs the real distance would be Lai, 
less than the apparent; at 1000 parsecs, 24% less ; at 5000 parsecs, 56°/ lesa; but later evidence favours a smaller absorp- 
tion, O40 mag. per 1000 parseca being the most probable for uniform interstellar absorption in the Galactic system. 

Colour Excess is the greater redness of a star (or external galaxy) over a normal star of the same spectral Type; 
it implies some special factor, such os giant and dwarf difference (p. 20), or space reddening, 








IV. SPECTROSCOPY. 


Spectroscopy has now become of such far-reaching importance in astronomical research that some knowledge 
of its salient facts and terminology has become a sine qua non for understanding the differences between the various 
Types of stars, and the references in current astronomical literature, A similar knowledge of the atomic changes 
giving rise to the various spectra is also useful: the following brief outline may help those unfamiliar with the subject 

Light is supposed to be due to undulations or waves in a (hypothetical) light-tranamitting medium known aa the ether; these 
light-waves are of infinite variety in their crest-to-crest or ‘ wave-length’ distances, some being exceedingly short, others com- 
paratively long, but the eye only perceives those within narrow limita. The shortest wave-lengths visible produce the sensation 
of violet in the eye; those about twice aa long, the sensation of red; those of intermediate wave-length give the sensotion of 
blue, green, yellow, orange, &ea The light from an object is analysed by passing it through a slit in the spectroscope 1/500th to 
1/LO00th inch wide, then either (a) through a prism or priams ; or (6) letting it fall obliquely on a finely-ruled ‘ grating": im both 
eases the narrow beam of light ia apread out, or ‘dispersed,’ either into « long coloured band, or, for some kinds of light, into perie® 
of separate heir-like coloured lines, (a) formes what is known aga prismatic spectrum, in which the wave-lengths at the red end 
are much lows epread out-than those at the violet end; (4), a normal or diffraction spectrum, in which the dispersion is unilorm 
throughout, and spreads out the red end to better advantage than o prism does; the loss of light in gratings, however, ts so 
considerable, that ae caunot be used for faint spectra, The narrower the alit, the purer, bat fainter, the band spectrum. 
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Angstrom Units. —The crest-to-creat distances, though very minute, can be meaaured with creat accuracy, and are expressed 
in Angetrom. (nits (contracted, A.U., or angstroms)—each 1/ten-millionth (10°) of a millimetre, or a ‘tenth-metra'—eymbolined 
by the Greek letter \ (denoting Ang. wave-length), followed by the number of ten-millionths from crest to crest. 

The International Primary Standard wave-length to which other lines are referred, is 1642384606, the wave-length of a red 
line emitted by gaseous cadmiom, and units on this basis are designated ‘1_A." (International angstrom), aa the original A.U. was 
slightly over-valued. There are ‘Secondary!’ and ‘Tertiary’ standards, using the lines of other elements. (See Tr. 2.4.0. 1923-95). 

The Greek letter «js sometimes used instead of 4, especially for the longer wave-lengths, indicating that the figures are in 
thonaandths of a millimetre (microns) instead of ten-millionths; ou, or millionths of a millimetre, are aleo sometimes used. Thus 
a OMEMBOG oo 649 S4600 ASE 4606. AA ia used as the pluralofaA. (A=px 10,000; 2 =’= 10,000). 

The Visible Spectrum ranges from about 4139900 in the extreme violet, to 1700 in the extreme red, but it has no definite 
limits, is eyea Vary in sensitivity. Unseen, beyond the violet, is the witea-piolet spectrum, of ever-shortening wave-lengtha 
recorded by ordinary photographic plates up to about 4200), and by special apparatus to 4150. Beyond the red, ulao unseen, ia 
the infra-red, of ever-lengthening wave-longths, aometimes called the ‘heat spectrum! ; it is traceable to 412,000 by special 
photographic plates, thereafter by other means, to the limit of the solar spectrom, about 450,000—but there are wave-lengths 
far longer and shorter than these limits, Oxygen in our atmosphere, and an ozone layer high up, absorbs all radiation from outside 
shorter than 42900, except Cosmic; in the infra-red, less than 1% of the solar radiation ia of greater wave-length than 440,000 (44), 


Conventional Divisions of Wave-length (boundaries indefinite, each kind gradually merges into the next: \=angstroma), 
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The Effective Wave-length of a radiating body may be stated generally as the wave-length at its average intensity, for 


defined conditions—visually, photographically, &c.—the wave-length at which the amount of such radiation is equal on each aide. 
© Progobofer's letters run from red to violet ; violet to red is now preferred—wave-length order, + Frequency is aleo used—the number 
| of undulations per second, 
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Emission and Absorption Spectra.—An incandescent solid, liquid, or gas under AigA pressure, gives what is called « oe 
tinuous apectrum, whoo the light it emits is passed through the prisms of the spectroscope, In other words, it emits light of all 
wave-length between the deepest red and the deepest violet, Under ordinary pressures, however, each clermentary substance in- 
the gaseous state emita, when excited, only certain definite wave-lengths peculiar to itaelf, the rest of the spectrum being miss ing ; 
in the spectroscope thesa appear, when a narrow slit ia used, a4 a series of isolated hair-like bright coloured lines, forming an 
‘emiasion’ or bright-line spectrum, and the appoarinos of these particular lines always indicates the presence of that eloment. 

On theother hand, each element in the gaseous state cute out or abaorba, from continucus-spectrum light traversing it, the 
identical seavedengtha that i emits when excited, sothat in the spectroscope, the light seen after the absorption is no longer 
continuoms, but broken wp by a series of hair-like dark lines (the image of the slit) where the absorbed wave-lengths are missing, 
These dark lines occupy the aame positions aa the bright lines of tha emission spectrum, and are called adsorption fines; they not 
only indicate the presence of the clement, butalao tell that it is at a lower temperature than the light-source behind it, as absorption 
only takes place if the emission of the absorbing substance is less than that of the emitting substance behind. Absorption lines aro 
alao found in the ultra-violet and infra-red. Many elements are represented by hundreds of linesa—sometimes thousands, as iron, 

Fraunhofer Lines.—Thedark lines of the solar spectrum are cilled after Fraunhofer, who re-discovered them in 1514, and 
lettered the moat prominent ones as in the Table above, which also gives the corresponding element and wave-length : (L), (M), &e., 
in the ultra-viclet, were added later, and the original (H') and (H*) re-lettered (H) and (RK). But as the same letters are also 
used for star Types, and as chemical symbols for elements, to prevent confusion the LAU. recommended as follows, in 1992 :-— 

Letters denoting Fraunhofer lines in astronomical works : should be printed in ordinary Roman capitals, in parentheses, 
. ns Chemical Symbols a ‘i sj » talc capitals, 

The {H) Fraunhofer line (calcium), must not be confused with Wo, A's, Ay, 43, &o.,lines—so lettered by Vogel—which denote 
the ' Balmer” series of hydrogen lines belonging to the normal hydrogen apectrum (only four appear in the ordinary solar spectrum); 
other ‘series" of hydrogen lines appear under different conditions, Ay ia \4340; 3,410. 6, (46178) is magnesium. 

Telluric or atmospheric lines in the spectrum aa (A), (5B), oxygen; and (a) water vapour (A 7165), result from absorption by the 
oxygen and water vapour in our atmosphere, and have no place, or only a very faint place, In spectra before they reach the Earth. 

Bands, groupe of very close lines—one aide aharp, the ‘head'—in low-temperature spectra indicate a molecular anectrum, i.e, 
one produced by molecules, atoms of two elements chemically combined ; the ordinary spectrum ia that of the normal or neutral 
atom (see below), A_fited spectrum is one that has recurring groupe of lines or narrow banda, giving it a fluted appearance. 

Flame, Are, and Spark Speetra.—The lines produced by each element are not the same under all circumstances, being 
changed or modified under different conditions of temperature, pressure, dec., especially the former. The lame, Murnace, or low- 
temperature spectrum given in 4 Bunsen burner (some 2000° C.) has comparatively few lines, and differs in some respects from 
that of the Are spectrum obtained in the electric arc at a temperature of some 3600°(C., in which new lines may appear. The 
Spark spectrum, again, produced by high tension discharges, has different characteristica from that of the arc one, some ' low- 
temperature’ lines, that have been fading as the temperature rose, disappearing altogether, while other lines are ‘enAaneed" (p. 25), 
that is, haye grown more intense. Spectra can be studied up to temperatures of some 20,000" C., by electrically-exploded wires, 


Doppler Effect, or the displacement of the lines as the result of motion of the light-aource in the line of sight, is of great 
importance, a4 it enables radial velocities and rotation periods to be found, and spectroscopic binaries to be discovered. Ifa 
source of light is approaching the observer, any lines seen in its spectrum will not bein their normal positions, but some distance 
nearer the violet end of the spectrum, or if the light-source is receding, nearer the red end of the spectrum. As the displacement is 
proportional to the velocity, the radial velocity can be caloulated by identifying a series of lines and measuring the amount of shift, 

In the case of a binary star, each star produces ite own set of lines ; when both stara are in the line of sight, the two sets 
are super-imposed and appear ag a single set, there being no orbital radial motion towards us, aa their motions are at right angles to 
the line of sight. But when the stars open out again, one star ia moving towards, and the other away from us, so that the two 
sets of lines separate in opposite directions, and reveal the duplicity, and the reapective orbital radial speeds; the same principle 
applies to the opposite limba of the Sun, of a rotating planet, or of s star (p. 21), one of which is moving towards, the other from tus. 

Interstellar Lines —Sometimes in Nove, and in O- and B-type binaries, which ore very distant, a third set of practically 
stationary lines of calcium and sodium appeara, These lines are now koown to result from the presence of interstellar matter, 
uniformly distributed, in general, through our System, and which rotates practically with the Galaxy: in stars nearer than say 1000 
parsecs, it does not reveal its presence, because their light does not traverse a sufficient length of the absorbing medium to produce 
a. perceptible effect, The more distant the star, the stronger the lines, which property can be used to find the star's distance (pv14). 

Zeeman Effeet.—If a magnetic field ia present, lines normally single may split up into two or more linea—from which the 
polarity of sunspots, and the position of the Sun's magnetic axis are found. . 

Stark Effect.—The splitting up of lines by an electric field ; those of helium and hydrogen are preatly affected, those of 
the metals but little: thus it ean be distinguished from the Zeeman effect. The hazier the helium and hydrogen lines, the 
stronger is the electric field, and the more prominent the forbidden lines ; also the denser the stellar atmosphere muat be, to 
give the electric field required to allow the forbidden lines to be produced in quantity. (See also Stellar Rotation, p. 21), 


The Atom and Its Properties.—The varied stellar spectra, and moat of the above ‘effects’, are due to internal changes in 
the wtoma of the elements in the stellar atmoepbheres, under different temperature and pressure conditions; the following main facts 
underlie the various phenomena, on the Rutherford-Bohr theory, which explains them well, though not completely, 

The atoms of an element are the smallest particles distinguishable by chemical means; those of each element differ in weight 
and properties, but all are built up of the same fundamentalsa—protons, electrons, and energy. Each proton (te. hydrogen nucleus, 
see p. 24) has a constant positive charge of electricity; and each electron (mass only 1/1847th that of the nucleus), an equal negative 
charge. In the normal atom, thes: charges balance, and there being no electric field, in this condition it ia called a neutral afore. 
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The Structure of the Atom.—Atoms are pictured as miniature eun-and-planet systems, the atom of each element being 
supposed to consist of a nucleus (extremely small, even compared with the tiny atom, and itself composed of protons and neutrons, 
ace below), positively charged, and surrounded by one or more ‘shells’ (orbits) of electrons: each electron carries a single 
negative electric charge, each orbit only one electron, 

In its normal (non-jonised) State, an atom is not charged with electricity, hence the number of unit positive charges (protons) 
in its nucleus is equal to the number of electrons which surround it ; this number ts called the atomic awmber (different from 
the afomés weight or mass of the element), and determines its. chemical properties, Elements range in atomic number from 
1 (hydrogen, the simplest, with one electron) to 92 (uranium, with 92 electrons revolving round the nucleus), 

The E-ring, &¢.—The electron-orbite are spaced in groups, each member of which bas about the same energy and diameter, 
but may differ in ecoentricity. These groups are known as ftingea—usually, more appropriately, aa shelds, bocatise the members 
of each group prestimably move in different planes, their diameters being about the same. 

The group nearest the nuclegs consists of two orbits of equal energy known as the K-ring, which has the lowest energy of 
all the rings { pext comes the Z-ring, with erght orbits ; then the W-ring, with 18 orbits, and so on ; the outer ring of an element's 
electrons may contain only one electron. The chemical and apectrascopic quantities of an clement are largely determined by the 
number of electrons in its outermost laver ; these are aleo the most easily ‘excited’ or * jonised ' (knocked off, see below). 

Collisions.—The atoms of a gas, under the action of the heat which it contains, rush about at very high specds—to which gas 
pressure is due—and are incessantly colliding; the higher the absolute temperature (p. 21), the greater their speed, and the more 
violent the collisions, In a rarefied gas—ie,, one at a very low pressure—the journey without any collision, or free path, of the 
atom is long, the distance between the atoms being relatively great; collisions are therefore leas frequent than m o dense gas. 

Molecules. —At ordinary terrestrial temperatures, gases donot exist us singleatoms bat as molecules, composed of & puir(or more) 
ofatoms in combination, either of the same or a different element ; when the temperature rises sufficiently, however, molecules are 
digocated—t.e,, revolved into single atoms —few exist even at the lowest stellar temperatures, The speed of the malecnles compos 
ing a gas is proportional to the square roots of (a ) their molecular weight, inversely, (4) the absolute temperature, directly; the 
lighter the gas, and the higher the temperature, the greater the velocity of the molecules—ench gas having its own velocity for o 
given temperature, Left to themselves, the moleculas would dissipate into «pace, baton a sufficiently massive body, the pravite- 
tional force retains them with a force depending on the body's mass and radius—an important factor in planetary atmospheres, 

The Velocity of Kecupe ia the velocity at which a planet's mass ceases to be able to retain a gas (p. 25 ), Hydrogen, the lightest 
element, is lost first, then helium, water vapour, oxygen, nitrogen ; carbonic acid last, but at velocities no greater than a quarter 
of the velocity of escape, gases dissipate into apace rather rapidly, For the velocities of escape, see p. XI. 

Quanta.—The energy component of an (‘excited,' see below) atom is stored up in (popularly) ‘energy-atoma, which cannot 
be sub-divided, Each of these ia known asa Quantum (plural, quanta), and represents energy equivalent to that of radiation of 
some particular wave-length, quanta of long wave-ien eth having small, those of short wave-length great, energy. (Short and long 
wave-length, as general terma, denote those at and beyond the blue and red ends of the spectrum, respectively). 

There are quants corresponding to all wave-lengths, each element having its own particular quanta of energy, corresponding 
to those wave-lengtha of radiation which ita atoms emit or absorb under different conditions: only quanta with nearly these wave- 
lengths can effect ‘transitiona’ in that kind of atom, but those of shorter wave-length may ‘ionise' the atom—te., knock off one 
or more of its electrons (see below). The amount of short wave-length energy in # gas depends on its absolute temperature ; thus, 
at high temperatures, short wave-length quanta are more plentiful than long ones, To sum up; ina stellar atmophere :— 

Temperature is an index of (a) the number of atomic collisions per second, for a given pressure ; (6) the speed 
of the atoms; (c) the violence of the collisions; (@) the proportion of short wave-length energy. 
Pressure only affects the frequency of the collisions, by increasing or decreasing the distance between the atom, 

Transitions.—When all the electrons of a noutral atom are revolving in the orbits nearest the nucleas, the atom is said to 
be in its owes energy or ground (normal) atate. But (a) by a sufficiently violent collision with an electron or another atom, or (6) by 
encounter with, and absorption of, a quantum of energy of wave-length the same as one of its own fundamental quanta, an 
atom may undergo transition, being ‘raised ' or lifted toa ‘higher level'—2ce,, of energy, and from that, it may be, to still higher 
und higher levels, the electron being foreed out inte an orbit of larger diameter, in accordance with certain laws, Forbiaiten 
trmaigiona wre those forbidden by these laws, though they may ocour in certain Tins) sequences or Bteps, 

Exeltation.—At every transition of an electron to a larger orbit, a quantum of definite wave-length is absorbed by the atom, 
which is then said to be eretted ; it thus becumes a greater and greater reservoir of energy a8 the excitation increases ; whatever 
the amount of excitation, however, it still remaina a ‘neutral’ atom. 

[If left undisturbed, an excited atom ‘falls’ back to its lowest energy state in a hundred-millionth of a second, emitting 
in the process as many quanta of the same wave-lengths as it bas absorbed ; the process may be accomplished in stages. 
Certain transitions, however, are mefastable—that is, if left to themselves, excited atoms in that state may continue in it 
for hundreds of thousands of times longer than ordinary excited atoms aro able to do, sometimes even for eeconds, 

fonisation.—An electron of a neutral atom may not only be raised to a larger orbit, but may also be completely knocked 
off, and left to travel on its own account; the atom ia then tonic’, and ia no longer neutral, but positively charged, the negative 
electron being lost. Ionisation may be caused (a) by a anficiently violent collision ; (4) by encounter with a quantum of short 

wave-length, with more than sufficient energy to lift an electron to the oatermost level. lIonised atoms may also be excited, 

Atoms may be singly, doubly, trebly, &c., jonised, The neutral atom ts indicated by the chemical aymbol of the element 
with the Roman numeral | affixed, as O1*, neutral oxygen; for singly and doubly jonised, U1, 111, are added, and so on, as (0, Ur, 

An older eyatem affixed a amall + for single ionisation, ++ for double, and so on, inatead of Rotman numerals, a Or, O++. 
still further back, the atoms causing enhaneed Hoes were known as protecalcium, protemagnesium, é&o 

Atoms vary in the amount of enorgy required to excite and tonise them, and the amount of energy denoted by 1 (electron-) 
goltt istaken as the unit of measurement, The number of (electron-) volta required to excite, or to jonise, the atom of each 
element, is called its Excitation and Jonisation Potentials, the latter, of course, being greater than the former (see Table, p. xi), 

* Large capitals ore also used, but the small capitals are much clearer, + Somewhat different meaning from the ordinary volt. 
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The Mass of the Atom, or afomie weight, consists almost entirely of the mass of the nucleus, and rnges from that of te 
hydrogen atom (approx. unity, 1007), to the 235 of the uranium atom (the standard is oxygen, 18). Generally, bat not leaps 
the weight of the atom increases as the atomic number, Several elements may exiat having identical atomic numbers, but 
differing in mass (atomic weight}, Such elements, which are chemically ideutical, are called isotopes, Thus, im ordinary 
common salt, the chlorine (atomic aumber, 17) conaista of 4 mixture of two isotopes of masses (or atomic weights) 35 and 37, 
whilé hydrogen as normally found contains traces of an iaotops of mass 2 (deuterium or heavy hydrogen, «ymbol #), 

Rays.—The heaviest elements and their isotopes, and some of the taotopes of the lighter elements, are redio-aetree, that is 
to avy, their nuclei break up spontaneously, into other wuclet and partioles, some of which (electrons or 6 raya, helium nuciel or 
a taya) may be ejected at very high speede—whon fastest, and most penetrating, being known as Acard rays; when slower, soft rays 
They also give out electro-magnetic radiations, oalled + raya, which resemble X-rays, but are of harder (1.2, shorter) wave-length. 

Wher an « ray (a rapidly-moving helium nucleus) strikes another nuclens it may cause it to break wp into lighter nuclei. 
In these changes, uncharged nuclei of mass 1 (neutrons), and particles of extremely emall masa (mentrinas), are sometimes emitted. 
They can be detected only when moving at high speeds, and being amall and uncharged have great penetrating power, 

Cosmic radiation, arriving from unknown sources in space, may consist either of very high speed ‘cathode’ or @rays (movitig 
electrons) or of electro-magnetic radiation of even shorter wave-length than y rays, This radiation, striking atoma, may give rise 
to rapidly-moving ponitrona, aimilar to electrona but carrying a positive instead of a negative charge of electricity. 

Tho following Table shows the relationship of some of the lighter charged particles and atoms {the masa rises with the speed, 

| increasing enormously as the speed approaches that of light) The third column gives an ides of the bulk of the particle—for 
the more the atom ia ionised (p.24}, the lesa ia its bulk, especially when completely jonised. 
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Sets of Lines.—Each state of the atom gives rise to a different set of lines in the spectrum, the neutral atom causing one set, 
excited atoms other seta, and variously-jonised atoms othore still; pressure giao affects the appearance of the lines, And in stellar 
atmospheres of similar composition, for a given temperature and preasure there is always definite proportion of atoms in each state, 

The strength of line is proportional to the number of atoms producing it; atrong lines indicate plentiful atoms in that 
condition, faint lines relative scarcity. Strong linea usually have Wings—ie,, shading on both sides of the Core, or line itself. 

Contours of Lines.—The degree of blackness at any part of the shading of a winged line, with reference to the background, 
ie known aa the Contowr of the line at that point—so called because the energy-ourve obtained by plotting the various intensities 
according to wave-length and blackness, is analogous to the gradient-curve obtained from the contour lines on a map. 

Fnhaneed Lines; ina spectrum, are due to the normal atoms becoming ionised, losing one or more electrons a3 the com- 
hined result of higher temperature and altered preasure (Saha Effect); each element has ite own ionisation conditions, thus the 
presence (or noh-presence) of certain lines in stellar spectra affords a clue to the physical conditions in the stars’ atmospheres, 

Forbidden Lines are produced by possible, but very unlikely, ‘transitions’ (see pore 24) in the atom, which cannot 
directly return to the ground state, but only through other transitions ; an electric field, however, cancels the unlikeliness, and 
with a field of aufficient strength the lines become visible, The appearance of forbidden lines in a star's atmosphere mdicates 
that it ia dense, the electric field being due to the close ionised atoms and free electrons, but in a nebula they become possible as 
the result of the extreme tenuity—some 1/1000-millionth of an atmosphere—and ‘weak’ (22, Dot too strong) radiation of 
very high energy, aich as the short wave-length radiation from 0 and EB stors. 

Ultimate Lines.—Those fundamental lines of an element that alone persist under great rarefaction. When about the region 
of the apectrum which cannot ordinarily be observed, those that can be observed are known as Jigiea witimes, 





Interpretation of Spectra.—At very low pressores, as in the Giant stars (p. 20), for a given temperature the wave-length 
energy available ia the same, and the violence of collision the same, as in dense stars ; excited and jonised atoms are also present 
‘n both. But when an atom isionised, the distances apart in rarctied gas being great, there is lees chance of ita recapturing an 
electron, so that the proportion of ionised atoms is greater, and that of the neutral atoms lesa ; the Giant star will, therefore, 
have stronger ionised-atom lines and weaker neutral-atom lines, than those in the spectrum of a dense star of about the same 
temperature ; its lines will alao be narrow and sharp—the '«' characteristic (p. 19). Tn dense stars, on the other hand, distunces 
apart being small, fonised atoms soon recapture an eloctron, thus the neutral-atom lines are strong, the ionised-atem lines faint. 

At the low temperature of the furnace spectrum, the lines of the excited atoms are faint (being chiefly those of the mare- 
easily excited elements), while those of the normal (lowest energy-state) atoms are strong, the proportion of the latter atoms being 
the greatest. With rising temperature, owing to the more violent collisionaand the greater supply of short wave-length quanta, the 
excited-atom lines grow stronger, owing to the ever-increasing quantity of atoms in that condition, and at last, at the arc spectrum 
tem permture, ionised lines of the easily-ionised elements also begin to appear—some even appear in the furnace spectrum. 

At a later stage, the neutral-atem lines disappear, thoae of the easily-ionised atoms first, the more refractory later. This the 
spark (lower-temperature) spectrum has faint ventral lines and strong enhanced or ionised lines, beoanse tonieed atoms now prepon- 
dorate: faint lines of the atoms most easily doubly-ionised will alea begin to appear in the lower-temperature spark apectrum. 

At atill higher temperatures, the jonised lines also disappear, being gradually replaced by the lines of doubly and trebly 
ionized atoms, and finally, at the highest obtainable spark temperature, and the still higher temperature of the O stars, hardly 
any lines are left in the visible spectrum except those of hydrogen and ionised helium—the latter of which has & very high ion- 
jsation potential. Lines of other elements, however, exist, but mostly in ‘inaccessible’ (unobservable) positions in the ultra-violet, 

Planetary and Gaseous Nebula, on the other band, in which the distances between the atoms ia enormous, donot shinn 
by their own light, but by absorption and re-emission of short wave-length radiation of Oand B stare within them; they contain 
atoma which are doubly and singly jonised. 
F 








= V. THE SUN, MOON, AND PLANETS. 

The Sun, as an object for amall telescopes, is of little interest unless sunspote are visible: special Pema 
are required in observing it ao as not to injure the eyesight (see p. 40). 

The dise of the Sun visible on ordinary occasions, known as the phofosphere, presents a granular or ‘rice-grain’ 
appearance in large telescopes. Even in a small instroment of 2 or 3 inches aperture, the surface will show o mottled 
appearance, when the air is steady and definition good; but this mottling is of a coarser texture than that delicate 
granular appearance seen under higher powers with large instruments. Facule, i.e., irregular, more or less streaky 
patches, somewhat brighter than the average surface, may generally be seen. They are elevations above the general 
level of the photosphere, and exist on every part of the disc, but are most numerous in the neighbourhood of sun- 
spots. They are best seen near the limb or edge of the disc, since the photosphere in this region is perceptibly darker 
than at the centre of the disc, having only some 37 per cent of the brilliancy, according to Pickering, This is due to the 
absorption by the Sun's atmosphere of the light coming from within, which has to traverse a much greater depth of 
atmosphere at the limb, before reaching the Earth, than that coming from the centre: it therefore appears darker to us, 
contrasted with the facule, which have not lost so much light owing to their greater elevation. The darkening is 
specially noticeable in solar photographs. 

The Sun's Rotation may be traced by the daily motion of the apots across the dise from east to west, the ‘synodic' 
apparent rotation period, as seen from the Earth, averaging 274 days: spots may thus be visible for about a fortnight 
atatime. The sidereal or true rotation period is about 25 days near the Equator, and 27 days at 35°; the synodic 
rotation period, at these latitudes, varies in avout the same proportion. The mean sidereal rotation vested at present 
used in the WA. and A.#. is 25°38 days (27-2753, synodic), but a 25:3-day sidereal period, 27-1 synodic, is perhaps 
nearer the true value, being that favoured in the recurrence of sunspots, facule, flocculi, prominences, and magnetic 
storms, The San‘s axis of rotation is inclined 74° from the vertical to the Ecliptic plane (see p, 40). 

Carrington’s Series of Rotations (25°38 day), used for statisticn, has as xero meridian the Sun's prime meridian that passed 

through the ascending node at oh, G.0,T., Jan, 1, 1854; No.1 began Nov. 9, 1853; 2102, 1936, Jan. 274 (17h. 46m). 

Sunspots vary in size from small ‘pores,’ as the sesaticad are termed, to groups so large as to be visible to the naked 
eye, on occasion. A sunspot presents the appearance of a dark irregular spot, or wmbra, surrounded by a less dark 
portion, or penumbra; the wmbra, however, is only apparently dark by comparison with its surroundings, being actually 
brighter than the electric arc, though its darkest portion, the nuweleus, has only about | per cent of the brightness of 
the average surface: very black, round spots, known as nucleoli, are often seen in the umbra. ridges from the 
photosphere, often intensely bright, may frequently be seen gradually encroaching on and dividing up the penumbra 
and umbra; in large spots, these can easily be seen with a 3-inch telescope, or even less, The sine of spota varies from 
about 500 miles to some 50,000 miles in diameter, Those over 15,000 miles are Naked-eye Spots, visible without a 
telescope, when the Sun's brightness is sufficiently reduced by cloud, mist, or dark glass. The diameter of the spot, 
including the penumbra, may usually be roughly reckoned as being three times the diameter of the umbra, 

The umbra ia usually some 2000 to 6000 miles lower than the general surface, which results in the Wilaon Effect, 
the apparent displacement of the umbra as a spot approachea the limb. On rare decasions, when of unusual size and 
depth, a spot ia visible os a small notch on the Sun's edge when just coming into or going out of view, 

Sunspots are never seen at the Sun’s poles, and rarely within 5° of the equator, They occur mainly in two 
zones between 10° and 30° of N.and &. solar latitude, Spots in 45°-50° are rare, and no apot has yet been recorded 
beyond 60°, Sunspots have magnetic fields, and the polarity, + or —, of the ‘preceding’ or foremost spots of a group 
is opposite in the N. and &. hemispheres—which hemispheres may differ very considerably in their spottedness. 


The Sunspot Period.—The spottedness waxes and wanes, a maximum being reached about every 11°] to 11°15 
years, on the average, but there is no definite period, intervals between maxima having varied from T} to 164 years; 
the apparent 1]-year cycle, however, is really a half-cycle, for the spot-polarity changes after every minimum. 

The rise to maximam is usually more rapid than the fall, taking about 4) years; minimum spottedness is reached 
about 64 years later, when no spot may be visible for weeks, Large spots may appear at any part of the cyele. 

Spoerer’s Law states that the two spot-zones simultaneously move slowly from high N. and 5, latitudes towards 
the equator. Nearing minimum—the end of each half-cyele the equator; the new half- 
eyele begins when spots of opposite polarity break out in high latitudes, some time before the actual minimum is 
reached, and two or three years elapse before old-zone apots finally disappear. The new spot-zones gradually decrease 
in latitude, till, at the end of eleven years, they, in their turn, arrive near the equator; high-latitude spats of opposite 
polarity then appear, heralding the beginning of the second half of the cycle, 

The variation of latitude is shown in a striking manner by plotting the spots of a cycle according to date and 
latitude, From its shape, this is known as a Autterfy Diagram, 

*Spote not on the contro are, of course, greatly foresbortened when near the limb, 














THE StN, =o 


Sunspots and Magnetie Storms. —The curves of sunspot activity, of terrestrial magnetic storms, and (om 
the whole) of aurorm, closely coincide, indicating some intimate connection not yet wholly explained, A large spot 
near the centre of the dise often coincides with a magnetic storm, but not always, and on the other hand the return 
of a certain area to the centre of the disc sometimes causes a magnetic storm, though no spot is visible. 

Wolf's Sunspot Numbers give the relative ‘sunspot activity’ for any year, based on the number both of 
groups and of individual gpotd—the size of telescope used, and the observer, being taken into account. The numbers vary 
from 0 to about 150 at the highest maximum, and they have been calculated back to 1610 (See Memoirs R.A-8,, vol.43), 
A sunspot number of 100 is equivalent to a sunspot area of about 1/500th of the visible dise, 





Prominances or protuberances are jets or clouds of glowing red gas which rise all round the Sun's ‘limb’ or edge 
from the chromosphere, a bright scarlet, irregular ring of light, some 6" to 15" in depth at different times, seen only 
during total eclipses, or by means of a spectroscope attached to the telescope (see p40). The reversing foaer tf 
a thin stratum of gas which is responsible for the dark lines in the solar spectrum, absorbing certain portions of the 
bright light from the layers beneath, and reversing them into dark lines, In solar eclipses, just before the Sun dia- 
appears, it shows the lines bright instead of dark—a phenomenon known as the fash spectrum. 

Filaments are long dark prominences seen in projection on the Sun's dise, Motien-forms are apparent filaments 
over a sun-spot, but in reality only distortions of the hydrogen (C) line caused by high radial motion, 

Floeculi, seen or photographed by the spectro-heliograph, in one particular wave-length of light (usually that 
of calcium, sometimes hydrogen), are-small irregular clouds of either of these elements, which are seen all over the 
disc, and show the distribution of the element over it, There are both bright and dark floceuli: the tatter may take 
the form of long dark wisps, The Solar Reseau, or Reseau Photospherique, is an as yet unexplained blurring or 
fuzziness of the solar granulation; it is not known whether it 1s of solar or terrestial origin. (‘ Reseau’ also means 
the network of squares ruled on celestial photographs for measuring purposes). 

The Corona, also seen only during total eclipses, is a mysterious, irregular, pearly ring of light surrounding the 
Sun, [tis never quite the same, either in shape or extent, in successive eclipses, and appears to be partly gaseous, and 
partly meteoric, for it shines partly by reflected aunlight. It varies with the 11-year period of the Sun's activity, 
heing more or leas regularly distributed round the Sun at sum-spot maximum, while at sun-spot minimum there are 
large streamers, several degrees long, near the Sun's equator, with tufts or plumes of light near his poles. Its bright- 
ness varies, being at times uncomfortably bright, nearest the Sun, without 2 dark glass, especially when the Sun's and 
Moon's diameters are nearly the same, but on the average seems rather less bright than the Full Moon. The Corona 
spectrum has a characteristic green line (A5304) due to oxygen, once ascribed to an unknown element ‘coronium’, 

Baily’s Beads are sometimes seen for an instant before totality—a breaking-up of the thin disappearing crescent 
of the Sun into a series of bricht moving points, like a string of shining beads.* Then, ns totality begins, the prom- 
inences and corona appear until the Sun begina to emerge again; sometimes, however, they appear just before totality. 

Shadow Bands or fringes, another eclipse phenomenon, are alternate light and dark bands, afew inches broad and 
1 to 3 feet apart, that appear on white surfaces for an instant as totality begins: probably due to irregular refraction. 

The Sun's Magnetic Poles are about 6° away (but perhaps this varies) from his rotation poles; they rotate 
in 81°29 days (31d. 7h.}, and were on the Sun’s central meridian on 25th June 1914. 





The Sun's Temperature, that of a dwarf GO star, ia about 6000" K, (10,000°F.) near the surface. The Solar 
Constané, the amount of heat received by the Earth (on entering the atmosphere) from the vertical Sun, ia 1°93 gram- 
calories per minute on each square cen timetre; variations of one to five per cent seem to occur from day today. The 
temperature of sunspots is about 4800"K,—1000°C. (1800° F) less than that of the general surface. 

Solar Motion,—The Solar Apex, or Apex of the Sun's Way, is the point on the star aphere towards which the 
Sun is travelling with a velocity believed to be about 19:5 kilometres ( 12°1 miles) per second. The position of the 
Apex is ascertained from study of proper motions, or radial velocities, but determinations differ, often by many degrees, 
different sets of stara giving varying results, In the main, however, there is agreement as to the general direction of 
the Apex being in Hercules or Lyra, about R.A. 18 hrs., Dec. 34° N. (or, as usually stated in degrees, R.A., 270°, 
Dec. 34° .N.). The Solar Antapex is the point diametrically opposite on the star sphere, RA, 6 hra., Dec. 34° 5, 

Mean Daily Spotted Area of the Sun in millionths of the visible hemisphere (projected area, corrected for foreshortening), 
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* Probably due to irregularities on the Moon's limb, 
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THE MOON 


General Notes.—The Moon is the moat interesting of all the heavenly bodies fora small telescope. In an opera- 
glass the dark portions visible to the naked eye are seen to be the smoother portions of the Moon's surface; the re- 
tainder of the aurface isa mass of craters of every size, from some of which brilliant white stresks radiate for a great 
distance. The most striking views are obtainable when it is about its first or last quarter, when the lunar 
mountains near the terminator (or boundary between the bright and dark portions), cast long dark shadows which 
give a fine effect of contrast with the bright sun-lit parta. At the time of full Moon this contrast is lost, though the 
systema of rays or bright streaks are then most in evidence, and an interesting field of study is the total, or nearly 
total, disappearance of prominent objects (eg., Maginus) for 2or 3 days before and after ‘Full,’ while others (notably 
the craters, properly so called, see p. 30) can still be located by reason of their being brighter than their surroundings, 
This disappearance is very noticeable in formations traversed by the rays or streaks, as in the §. W. portion of the 
Moon. A low power should be used at first, fora general view of thedise. (See note on ‘Observing the Moon,’ p40). 

The Moon always presents the same side to the Earth, so that one side of the Moon is never seen at all, Owing, 
however, to what is termed the Moon's libration, or apparent swaying, due to the inclination of its axis to its orbit, 
and to other causes, we sometimes see o little more on one side or another, so that altogether about six-tenths of the 
suriace is visible atone time or another. A full deseription of the Moon is quite beyond the scope of the presant work, 
but the following paragraphs, together with the map, and further notes, p, 30, indicate the principal features, Consult 
Elgers and Neison's detailed accounts and maps, also Goodacre’s; Nasmyth's, and Uneer Mond (Fauth). Proctor's 
volume deals particularly with her orbital and other peculiarities, See also Pickering’s Photographic Atlas, 

Lunar plains, the darker and smoother portions or the surface, were supposed by the early telescopists to be 
seas—which they much resemble under very low powers—and were named accordingly. More perfect instruments, 
however, revealed that the supposed sess were simply vast plains, by no meana level, or smooth, possibly once the 
bottom of lunar oceans, 

Lunar mouwntam ranges and peaks are much higher in proportion to the moon's diameter than terrestrial ranges 
are to the earth’s diameter, some of them attaining a height of about five miles. The most conspicuous range is 
The Apennines, in the northern hemisphere of the moon, which rises like a wall from the Aare Jmbrium. It is about 
600 miles long, and its highest peaks attain a height of $4 miles—the heights being found by measurements of their 
long sharp shadows, nearly 100 miles long. 

Lunar eratere, which are such « prominent feature in lunar landscapes, are of all sizes from a hundred and fifty 
miles in diameter downwards. Craters often have one or more conical peaks within the crater walls, of which 
Tycho and Gassnadt are fine examples; the largest with a fairly level bottom, and often no central peak, and with 
lower bounding walls than the craters proper, are called walled plains, of which Plato ia the best example. The 
interiors of the craters are usually lower than the surface outside, but sometimes the reverse is the case. Frequently 
an old crater will be seen that has been broken into by o later one, 

Lunar riffs are deep, winding, narrow valleys, resembling the bed of a dried up stream. Lunar clefts appear like 
oracks on the smoother portions of the surface. It is difficult to realise that these hoirlike markings are sometimes 
fifty or a hundred miles long and up to 24 miles in width. The greater number of clefta are to be seen only in pretty 
powerful telescopes. Jaulfe are closed cracks in the moon's surface, and are numerous, They are visible owing to 
the surface on one side of them being higher than that on the other. 

Lunar rays are the bright streaks which radiate from some of the principal craters. Uniike other lunar features, 
they are best seen about the time of full moon. The finest system of rays radiates from the great crater 7'ycho, in 
the southern lunar hemisphere, The strangest feature of these rays is that they are everywhere on the same level aa 
the rest of the surface, and traverse unbroken both crater walls, valleys, and seas. No fully satisfactory explanation 
of their nature has yet been given. 

Position Angle of the Moon's Axis.—This sways some 25° on each side of the hour-circle every month, the ex- 
tremes being when her RA. is about 0 hrs. and 12 hra, ie, when orossing the celestial equator: it is about zero when 


her B.A. is 6 bra. and 18 hrs, The amount is given in the ‘Moon's Physical Ephemeris' in the Vautical Almanee, 


Objects near the Limb. Those near the N. lunar pole are best situated for observation when the Moon has 
ite greatest south latitude (about 5°), and vice werea for the 5, pole; those near the west limb, when the Moon's actual 
longitude is E. of (i¢., greater than), and those near the east limb when it is W. of (i.¢, fess than) the mean longitude. 
The dates when any object near the limb will be nearest the centre, and thus most favourably situated for vbservation, 
ean be ascertained from the Nautical Almanac, by finding the times when the favourable libration in latitude, p. 2) 
ik about 6°, and that in longitude about T°: the Moon, however, may be below the horicon, or the phase unsuitable, 
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Effects of Libration. At cach reou rring phase, though the positions and lengths of the shadows themselves have 
not changed greatly (lunar ‘seasonal’ changes being small, owing to the small inclination of the lunar equator to the 
Koliptic, 14°), the Moon's latitude and longitude, &e., have altered. Libration has come into play, and we view the object 
and its shadow from « different position than formerly, the variation amounting at its maximum to over 20°, through 
the combined effect of the displacement in Intitude and longitude, Except at rare intervals, therefore, we do not re- 
observe objects under anything like the same conditions, When viewing the Moon, it should also be remembered that 
rt is only near the centre of the dise that we see objects in their true form and dimensions, as each object; is more and 
more foreshortened the further it is away from the centre, and, on the limb, is seen only in profile, 

The libration on any évenitig can be found from the Nautica! Almanac in the ‘Moon's Physical Ephemeris,’ 
columns Earth's ‘Selenographic Lat. and Long," When the libration in longitude is +, the mean centre of the dise is 
displaced to the E.,i.¢, the Mare Crisium is furthest from the limb, When the libration is —. the mean centre is 
displaced to the W., and the Mare Crisium approaches the limb. Similarly, when the libration in latitude is +, the 
mean centre is displaced to the §., i¢, Plato is furthest from the limb, and vice versa, for —. 

Bast Altitude Conditions.—For any given age of the Moon, there is a certain date in the year about which 
more favourable altitude conditions obtain than at any other time, though it is modified to some extent by the Moon's 
changes in latitude. This is due to the fact that the Moon's average path coincides with the Eeliptic, so that on 
any given day, her altitude above an observer's horizon at culmination, will, on the average, be exactly the same as that 
of the Sun at noon on the date when he has similar R.A. The following Table indicates approximately the most 
favourable dates for observing the principal phases; (8. Hemisphere, transpose April, Oct.: and July, Jan.) :— 


N. Hemisphere:;—-| Moon 3-4 days old.; First Quarter. Fall. Last Quarter. 25-26 days. 
Host Favourable | End of April Vernal Equinox | Winter Solstice | Autumnal Equinox| End of July 
Ceaat = »  Oecrvober Autumnal ,, Summer ,, Vernal = | January 


The Position of the Terminator on the Moon’s equator, corresponding to various ages, can be approximately 
ascertained by means of the scale below the Map of the Moon on p, 31. It can be obtained more exact! ¥ from the 
‘Moon's Physical Ephemeris,’ ‘Sun's co-longitude’ column, in the Nautical Almanac {in conjunction with a lunar 
chart having selenographic latitude and longitude lines), by using the following rule :— 


Sun's Co-longifude From :— Postion af Terminator. 


0 to WO", the ficures in the Table givo ... ae the terminator's longitude E. of the central meridian (Sun rising, 

20° to 180°, subtract the Sun's co-longit. from 180°: answer = ,, so eT kg 9 s (Stn setting), 
150" to 270", subtract 180° from the Sun's co-longit. ,, =n "3 n Ey ta » (Sun setting). 
270" to G0", subtract the Sun‘s co-longit. from 360". ., = |, me fe WES, it r _ ten rising). 


Repetition of same Phase of illumination, near the same hour, may be expected in about 2and 15 lu nations, on 
the average, but there are variations—corresponding with the lengths of different luonations, which vary to and fro 
between 29, and 2097 days, The mean lunation is just over 29) days, hence, on the average, in the second lunation 
similar phase folle in daylight; in the third, it is 1} hours later in the evening than the firat, and so on. | mean 
lunation. = 29" 12" 44") 2lunations, 59414"; and 15 lonations, 442423". The mean interval from perigee to perigee, 
ormean anomalistic period ts 27°-45450 days, and does not recur at the same phase till after 14 lonations (about 1°18 yrs.), 
or about 14 months later in the following year, so that ‘most favourable’ conditions gradually disappear for a period. 

Lunar Nomenclature. Lunar objects are generally referred to the quadrant, or quarter of the disc, in which 
they are found, numbered Ito TV,ason the map. The principal formations have names of their own: other objects in 
the neighbourhood (also those tasicd® or on a crater), not separately named, are denoted by the nearest crater name with 
a Roman latter aided, for craters or depressions, or a Greek letter, for peaks or elevations—capitals denoting ‘measured’ 
points. Thus ‘Aristoteles B' is quite different from ‘Aristoteles,’ being a small crater some 50 miles N. of the latter. 
areek letters are also used for rilla, in conjunction with the crater names. 

Earthshine, popularly known as ‘the Old Moon in the New Moon's arms,’ is due to rays of light reflected from 
the Earth on the Moon's dark dise. It is stronger in the morning with Old Moon than in the evening with New Moon, 
and ite variations are worth systematic study, os an index to the reflective power of the Earth's disc, which is lit up 
by the Sun. As the albedo of clouds is very high (p. 6), unusual brightness of Earthshine probably indicates that the 
sui-Huminated hennsphere of the Earth is much cloudier than usual, and vice versa when Earthshine is faint, Earthshine 
is best seen 2 to days after New Moon in the spring, or before New Moon in the autumn, especially if the Moon is near 
periges at the time, ita brightness then being greatest. Earthshine is aleo known as ‘fiemaére conde,” or ‘ashy light.” 

A very narrow ring of silver-white light, quite distinct. from Earthshine, and encircling the whole lunar dise, is 
occasionally visible for short periods when the Moon is within 2 or 3 days of New. 











4 THE MOGN. 
‘ Lunar Craters are classified by Neison as follows, but the classes merge gradually into one another, and near the border 


line cither name may be aaed, 

Walled Plains fic in Index), diam, 40-160 miles (05-240 km.}, like /¥fate. Usually sarrounded by a complex ayetem of 
walls: floor usually not much lower than outside, and comparatively level; central mountain often absent, Mostly 
in & hemisphere. 

Ring Mountains (ir in Index}, diam. 15-60 miles (24-119 km,), like Romer, 
walled plains. 

Ring Plains (+ in Index}, dinm. 20-80 miles (32-97 km }, like Copermicua: comprise the majority of the larger lunar craters. 
More circular and regular than walled plains; single principal wall, generally; outer slope stnall, interior steep and usually 
terraced. Floor nearly always moch lower than outside, and comparatively level, The denpest lunar formation 1% 
Newton, rim 23,000 fit (7000 metres) above the floor, In Wergentia, the floor is practically level with the top of the wall, 

| Crater Plains, diam, 10-20 miles (16-32 km. ). Brighter, and with ateeper outeache elopes, than craters proper. . 

Craters proper (¢ in Index}, diam. 5-15 miles (8-24 km.), like Bazzal, Circular ; cuter slope steeper, but the interior falls 
more gradually than in crater plains, Floor amall, with ‘volcanic’ cone; very bright near Full. es 

| Crateriets, diam, Smiles (S8km.) downward. Craters in miniature: merely a convenient sub-division, Indicating Very 

, amall craters. 

Crater Pits, or ‘ Pits,’ diam. as craterleta, but wp to 11 miles (1hkm.), Very shallow depressions, outside slope badly 
perceptible, epreasiona difler from crater pite in having no sign of walls whatever, and muy be many miles or 
kilometers orcs, 

Crater Cones. Steep conical penics, diameter 3 miles (1-5 kemn.}, with narrow central opening, which 8 very difficult 
to sea, They appear on mountain ridges, and on crater walls aod floora, and are very bright near Full. Por fuller 
details, sec the reference books, given on page 28. 

Lunar ‘Seas,’ Valleys, &c. The Sinus Iridum, with great bordering cliffs, rising in peaks over 16,000 feet high, is one 
of the finest objecta on the Moon ; it is best seen when the Moon is § or 9 days old. aia 

Of the valleys, the Great Alpine Valley is the most notable. Most clefts or riffs, and ferults, are tit visible it etna! 
inatrumonts, but the Cleft of Hyginus, and that of Ariadmeus just W. of it, can be seen in a two-ineh telescope, The ‘Straight 
Wall.’ 60 miles long and 900 feet high, ia a little E. of Thebit, Pico is a solitary peak on the Mare Imbrium, 

The Brightness of different parte of the Moon is an interesting study: it is valued in ‘dogrees,’ ranging from 1°, the 
durkest—found in Grimaldi and Riccioli—up to 10°, found in Aristarchua, the brightest object in the Moon ; Prociua is 8°, 

O° is black shadow. The floor of Plato undergoes curious changes in brightness as the Sun's altitude increases. 
| The varying colours of the Seas may also be studied, The provailing tint of the Maria is grey, ee tose dark, Mare 
Crisium being the darkest (14°-3"), with a tingo of green. The brightest of the grey plains ts Lacus Somniorum (34°-4°) ; 
Palus Sommnii, equally bright, is of a yellow-brown shade, The Mare Serenitatis, the centre of Mare Humorum, and yart of 
the Sinus Iridum, have a dark greenish colour, and the Mare Orisinm o lighter green ; the Mare Frigoris is a yellowish-groen. 

Centres of Principal Ray Systems. Aristarchus, Aristillus, Byrgius A, Copernions, Euler, Kepler, Messier, Proclus, 
Timocharia, and Tycho. Euclidea and Landsberg A are surrounded by « *nimbus,’ or bright patch. 

The Mean Centre of the Moon, or intersection of lunar meridian 0° with the lunar equator, can always be readily found, 
as it is approximately the point equidistant from the three craters, Herachel, Schriter, and Triesnecker, The lunar equator 
is yery nearly the line drawn through Rhetious and Landsberg ; lunar longitude 0", line drawn through the centre of Walter 
and the #. ute of Aristillus, But seo note at foot of Map of the Moon as to eurved lines, 

Index, Map ofthe Moon. The diameters, given in miles, are approximate, is authorities sometimes differ, owing to 
irregular shape, &e, The letters Bo, Bb, de., indicate the square in which the object will be found. rr, w, ¢, ete., see above. 
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FCALE SHOWING APPROXIMATE POSITION OF THE TERMINATOR ON THE MOONS EQUATOR AT VARIOUG AGES. 
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In using thia or auy ote Lines of the Moon, it muat be remembered that :— 
(a), Objects very near the limb in the Map may be completely out of sight or much foreshartened, owing to libration, The Mare 
Crisium andl Grimaldi: for inatanse, almost touch the edge at extreme libration, 
(o). The loner equator, and parallels of Intitude, which are straight on the Map, are only seen thos when the libration in latitude is 0°, 
; er., when the lunar axis iain the position of menn libration ; at other times these lines are seen ns ellipses of greater or lees clirta: 
ture, curved southwards when the: libration in latitude is +, and curred northwards when the libration in latitude iz 
(e\. Similarly the meridian of lunar longitude 0° ia only seen Soa atraight line when the libration im longitude i 0 | af ot her Limes 
- it also da elliptical, convex W. or EK. according as the Moon's Hbration ia - or +. 
i. The mean centre of the dise ia only seen in the centre when the libration in longitude and Istitude are each O.. At other 
times it may be ai placed pe ta 7 646° an longitude sod 6° 44° in latitude, or ae the combined rane 10° 18", The Moon's 


libration in longitude is 0° about perigee and apogee, and ber libration in latitude about 0 whee she is crossing tha Eoliptio, 


When the Moon's libration in longitude is—, the region exp 4ecl to view la on the E. limb, & Mare Crigium is nearer the limb, than mean postion 


fH 7" + ‘ ; “i We, z ; : further from ,, rn i 
When the Moon's Gbration in latitude is - a 4 “ 5. limb, & Plate ia nearer the limb than tenn position, 
Hi a si wi " Fs i + » farther from : a 
LUNAR MOUNTAINS, &c LUNAR SEAS (OR MARIA), &.  . 
Height, f Height, |) Mare Anstrale ... An) Mare Nectaris ... Abj Lacus Sommioram Hd 
A.) pa, Bd 12,000 | Derfel Mts, Ca 26,000) ,. Cristum we «6 bom .. Ub) Palus Nebulerum Bd 
Alpine Valley Bad Himus Mt Bo 8,700) , Feecunditatis All) ,, Serenitatis ,.. -Bec|_., Somn .... .. A¢ 


Altai Mts. Bb 13,000 Leibnitz Mta Ba 30,000) , Frigoris Gd) 4, Tranquillitatia Ac} Sinus Acstuum .., Ce 
A eeninea Co 18.500 | Pyrenees Ab 72.000 . BHumbeldtianim Ad 4 ¥ AOL i Ba | r Iridium ae), ines Cd 
Bradley, Mt. Be 13,600 Riphmean Mts,(Cb 2700) . Humorum ... Db) Ocean. Procellarum Dc H Medi asta o 
Caucasus Bd 18,300! Taurus Mt. Ad 10,000)) ,, Imbrium .. (id! Lacus Mortis: ... Bd! , Hors ... . Da 
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= | THE PLANETS. | 


The Nautical Almanac (N.A.), and The American Ephemerts(A.E.), give much useful planetary observing information. 
Under ‘Phenomena’ are the dates of opposition, conjunction in R.A. with the Sun and Moon, elongations of Mercury and Yemus, 
ke = there are Occultation Tables, with latitude-limits of observability, and those seen at cortain stations ; also Sunrise, Sunect, 
Moonrise, Moonset, and Twilight Tables, for letitudes (0° to ao°, The * Physical Epbemeris’ Tables give the position angle 
of the axis, planetary meridian on the centre of the disc, magnitudes, configuration and eclipses of the satellites, do,; alno:— 

Mars and Jupiter. The angular amount of phuse, (always on the W. side from conjunction to opposition, and on E. side from 

opposition until conjanction) ia given by column ¢ ; the linear {=areal) fraction of the dise laminated, by column &. 
Column Da gives the number of degrees the planet's N. pole (+}, of & pole —), is turned towards the Earth: maximum 
about 24" for Mars; 4° for Jupiter; 29° for Saturn; bat largely nullified by foreshortening. O° = both poles on limb. 

Jupiter's Satellites. Configuration: (D at the side indicates ‘In transit’; @ ‘In occultation or eclipse.’ The Phase diagrams show 

the position of each satellite during the month by a * (change slight, except near opposition), of the points where the 
satellites disappear in, or emerge from the shadewt; ¢ (or dis the point of disappearance; f (or r), that of reappearance. 

Saturn's Rings. Column # (Saturnicentric latitude of the Earth) gives the angular ‘openness’ of the rings, 0" when iy visi bles, 

about 28° fully open. Oolumn #’ is the Sun's elevation above the ring-plane; the rings are invisible when 8 or B=; 
and alse when # (Earth) ts + (North), and B (Sun)is — (South), or vies vere, Position angle of axis is same as column P. 

Hour of R.A. on the meridian at mean midnight (Sidereal Time), for each day; from this, that at other hours can be found. 

Rising or Setting of Planets, From the .V.A. time of meridian passage, subtract for add) the semi-diurnal are (see p. xiv). 

Astronomical Terms; The Calendar, The student should read the very interesting article on there snbjects in ther Agoperecdix 

to the British V.4., which also contains, for the advanced, an elaborate preciso! formal used in the Almanac. 

Heliocentric longitudes and latitudes, and radius vectors, giving orbital positions and distances with reference to the Sun, are 

given annually in the American Kphemeris, The British V4. publishes them for twenty years In advance, 1917-40 in VAs, 
1915-17 (Mercury annually, till 1938): 1941-00, also 1900-1940, in special vols, Earth's belioventric longitude, see p. 4. 

General Notes—The Major Planets, so called to distinguish them from the Asteroids or Minor Planets, none 
of which exceeds a few hundred miles in dinmeter, are Mercury, Venus, Earth, Mars, Jupiter, Saturn, Uranus, 
Neptune, Pluto, The tirst four, and Pluto, are sometimes distinguished as the Terrestrial Planets, a5 their sizes are 
comparable with that of the Earth, the others aa the Giané Planets, They are always near the Ecliptic except Pluto, 
within the Zodino (p.3), and are readily distinguished from fixed stars, as they do not twinkle unless low down; ther 
spectra are those of reflected sunlight, with bands due to methane in all the giant planets, and ammonia in Jupiter 
and Saturn (p.27). Their constantly-changing positions are easily found by the R_A. and Declination given in almanacs, 

Unlike the Moon, which souths about 38 to 66 minutes (mean, 504) later each day, the Superior Planets (Mars, the 
Asteroids, Jupiter, and those beyond) south earlier, on the average, cach night, appearing to move tearer the Sun daily 
when E. of him, but further away when W, of him, and being lost in his rays for some six weeks annoal|y— Mars, 
and the asteroids in general, for months, biennially, having long synodic periods (see below ). 

The Superior planets are best seen when in opposition southing about midnight ; the Juferior Pianeta (Mercury, 
Venus), nbout the times of greatest elongation, Opposition or greatest elongation may occur at any time of the year, 
but the neurer they happen to one date in a certain month (Superior planets, that on which the Earth's heliocentric 
longitude is about the same as that of the planet's perihelion) the larger and brighter is the planet; many years, haw- 
ever, elapse before the most favourable conditions recur. For Magnitude variation, sce pp. li and 41, 

The Solar System (see also p. viii} —The figures below are mostly (or, based on) those of the American Lphemerts, to which 
refer (or tothe yearly B.A.A. Hondbb,) for greater precision. The larger of two diameters is the equatorial, the smaller the polar. 

Sun. Diimeter, 864,400 miles, 1,301,100km.; Moon, 2160 miles, $476 km, Density: (water=1) Sun, 1-4] ; Moon, 2-4. 
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Mean Distance from Earth :—Jnjerior planets, | Astron. Unit; Superior, = mean distance from Sun; mean opp'n distance, } unit lees. 
Aphelion and Perihelion Distances, =ata*e, when a=the semi-major axia (the Mean distance) in A.Us,, and « the eccentricity, 
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The Paths of the Planets on the Star Sphere, As seen from the Sun, these (their heliocentric paths) are, for ordinary 
purposes, unchanging, and each intersects that of the Earth (the same as the Ecliptic) at two practically fixed poimts, the modes 
The heliocentric paths are also approximately the average paths of the Superior planeta, as seen from the Earth (see below}. 

Planets attain their greatest beliocentric latitude when about 80° longit. from the nodes, and remain longest (lengthens as the 
eccentricity) on that side of the ecliptic in which aphelion lies than in the other, purtly because the node-aphelion-node distance 
is greater (slightly, unless eccentricity is great), partly because the mean motion is slower, If the node-perihelion angie (w) 
greater than about 180° apbelion is in the N. celestial hemisphere (Mars, Jupiter, Saturn, Neptune); if fess, in the Southern(Mercury, 
Venus, Uranus, Plato); in the former, the altitude at favourable oppositions is best for Southern, in the latter for Northern observers. 

As seen from the Earth, the Superior planets reach a latitude above or below the Ecliptie at least equal to the inclination of 
their orbits, and each followa the heliocentric path more and more nearly the less its parnallax—e., the remoter the planet is from 
the Sun; thus their geocentric paths are confined to a very narrow strip on the star sphere—Mars excepted (see below), 

Mereury and Venus, which circle the star sphere with the Sun, have the Ecliptic for their average path (approx.}, and attain 5° 
and 9°, respectively, from it if max, heliocentric latitude oceura with Earth about heliocent, longit, $18" (AMfere.), 166", 346°) Peni), 

The Earth's everchanging position in her orbit, may, as acen from her contre, displace the Superior planets from their helio- 
eantric positions (4) E. or W. by an amount about equal to the Earth's annwal pourallax (p. 14) as seen from the planet; (6) i, 
or &. by a small amount—grestest about perihelion opposition, smallest about conjunction—exoept for near-by Mara, which at 
apposition may be some 3° to 5° N. or S. of the heliocentric path; Jupiter's maximum ia about }". And as the Earth's mean daily 
orbital motion of 1° exceeds those of Mars and the astercida by }° or more, and those of the other Superior plancts by well-nigh 1", 
‘ane Table, p. 32), when Earth and planet are on the same side of the Sun and in the same line, at opposition, the Earth qutruns the 
planct, causing it apparently to retrograde on the star sphere—before and after opposition, also, for some time, The combined 
motions of the Earth and a planet make the latter's path on the star «phere, as seen from the Earth, 0 looped or zigzag curve. 

Mercury is always so close to the Sun that, even when most favourably situated, he is only observable for about 
two hours (naked eye, }hr,) after sunset or before sunrise, and that ata very low altitude, expecially in higher 
latitudes. His very eccentric orbit causes his greatest elongation (G.E.) from the Sun to vary from 16° to 29°—the 
latter one being at aphelion, when he is 8, of the Celestial Equator, and best seen by Southern observers. In temperate 
latitudes he is most favourably placed near the Equinoxes, as an evening star in spring, some days before G.E.—one 
in April being best, or asa morning star in autumn, some days after G.E. (in the 5. hemisphere, Oct. and April}. 

Mercury hina phases like the Moon, and is mag, —1-‘8 when in perihelion near superior conjunction (but very near 
the Sun}; at G.E., the average isonly +0-2, Sideresl period 88 days; synodic, about LlOdys, (Rotation, see below). 

Venus, the brightest of the plancts, sometimes seen in broad daylight, may even cast ashacow ; her faint mark. 
ings (very doubtful if permanent features) are difficult to observe owing to lack of contrast, but her phases can be 
studied in a small telesvope or good opera glass; examine in daylight—which diminishes the glare—or soon after 
suneet or before sunrise, Her greatest brillinncy is during the crescent stage—as on evening star about a month 
after, or asa morning star before, greatest elongation, which at maximum is47", (G.E. never occurs at nearest to Earth), 

The maximum magnitude(— 4-4)occurs about every 8 years, when Venus isin perihelion near the end of December, 
and &. of the Celestial equator as a morning star, therefore more favourably situated for Southern observers; she is 
then twelve times brighter than Sirius; she is slightly fainter when in perihelion about the middle of March as an 
evening ater, when Northern observers see her much higher above the horizon. Her apparent motion is so slow—the 
aynodic period being about a year and seven months (54 days)—that she remains visible or invisible for several 
months, unlike Mereury, which rapidly disappears in the Sun’s rays, Sidereal period, 27477 days; rotation, see below. 

A faint, luminosity, like Earthehine on the Moon, cecasionally reported as visible on the dark side, is now attributed to ocular causes, 

Recurrence of Greatest Elongation.—For Mercury, the most favourable elongation occurs about avery six years; for 
Venus about every & years, The intervals between greatest E. and W. elongation are very unequal :— 

Greatest E. to greatest W. elongation, inferior conjunction between :—Mercury about 44 days; Venus 144 days. 
“ We +" E. - auperior a : . ee oe , 440° ., 

Mars is of little interest in a small telescope except in or near opporition—when his angular diameter is 13" to 
25’: this oceura every 780 days on the average—nearly two years and two months, the longest (major) planetary synodic 
period ; the siderenl period is 687 days. Favourable oppositions come every 15 or 17 years, the best about Aug. 26th 
(from 1924, very favourable), when Mars exceeds Jupiter in brightness, attaining mag,—2°6, but as his dise is even 
then only half the diameter, little detail is seen in small telescopes. The mean and minimum opposition magnitudes 
vary between — 295 and —10, while in conjunction with the Sun heis only 2nd magnitude. Except near opposition, 
Mars is more or less ‘gibbous’—i.e¢., not fully, but more than half-illumined—greatest when he is in quadrature (90° 
longitude, or Ghrs. R.A. from the Sun); only 084 of the disc ts then illumined. Mars has two tiny satellites, — 

On Mara’ ruddy dise, dark greyish-green markings—once thought to be seas, but now supposed to be marshes or 
vegetation areas—can be seen, and one or other of the bright, white polar spots (probably snow-caps, perhaps partly 
hoar froat} isa striking feature ; occasionally both caps are visihle, The finer so-called ‘canals’—an unfortunate trans- 
lation of Secchi’s canali, ‘channels,’ not necessarily artificial—are invisible in small telescopes, and though some seem 
to result from real markings, the tendency is to regard them as partly due to ocular causes, Rotation period, 24h. 37-4, 


Rotation Periods of Mercury and Venus.—Wercury's rotation period is now believed to be 88 days, the same as his sideren] 
one, so that he always keeps the same face to the Sun. Venus is still a puzzle ; the period of 24-bra, or so, long accepted, is now 
abandoned, the bulk of the evidence indicating a period greater than 20 days, while some think ehe rotates in the same time as 
her sidereal period, like Mercury. Pickering’s period is 68b,, axis inclined only 6° to the orbit. | | 
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Jupiter is a fine object for small telescopes, with his elliptical dise, darker at the edges than in the centre, and 
‘parallel belt’ markings; when in quadrature (p. 5) the limb is very slightly shaded, owing to ‘phase.’ The rotation 
period is 9h. 505m. near the equator (System I, .V.4.), and 9h. 55-Tm. in the temperate zones (System I11,), 

For reference, the dise is divided into the 1, and &. Polar Regions; the Equatorial, Tropical, and Temperate Zones, crossed 
by seven darker * belta'—viz., the narrow Equatorial Band ; tho Lguatorial (.V, and 5.), and Temperate (V., WN, 8. 85.) Helta. 

The Great Red Spot, seen in 1857, first prominent in 1878, was an oval about 13" by 3° (30,000 by 7000 miles}, and 
its rotation period has varied by several seconds, Bright red till 1881, by 182 it bad faded to 4 pale orange, and 
has since shown little colour, In 1919-20, remarkable and rapid changes occurred jn this region, the Spot disappearing 
and reappearing again. It has generally been seen in o ‘hollow’ or ‘bay' in the 5. side of the 5. Equatorial Belt, 
and a dark marking, the &. Tropica! Disturbance, periodically overtakes the Spot and accelerates its motion. 

Jupiter's synodie period being about 399 days, in successive years oppositions take place a month later in the 
season, the most favourable being every 12 years, in Sept.-October ; his magnitude isthen —2°5, compared with about 
_ 93 at mean opposition. Minimum mag., when in conjunction with the Sun, about - 21. Sidereal period, 11-86 yrs. 

Jupiter's Satellites or Moons.—Seven of these are seen only in great telescopes or on photographs, The other 
four (about mag. 6, and numbered from the planet I, [1, [11, TV) are visible in an opera glass; they are all eclipsed by 
Jupiter's shadow (not instantancously), 1 to III once every revolution, Sometimes a satellite ‘transits’ or passes 
across the planet's disc, appearing, 44 it enters or leaves the diac, as a bright spot on o dark background (the limb or 
edge of the planet being darker than the centre}, while later it may disappear, if the background is similar in bright- 
ness and colour; it may also show asa dark spot, The shadow also transits the disc as a dark spot, which is apt to 
be taken for the satellite itself; sometimes both satellite and shadow are seen transiting at the same time. 

Occuliations, when the satellites pass behind the body of the planet, are frequent, but of little interest, though, 
when Jupiter is in or near quadrature, the satellite may disappear, or re-appentr, adely away from the apparent 
limb owing to the ‘phase’—which 1s on the west side before, and on the east side after, opposition. 

Saturn is also a fine object for small telescopes. The disc is even more elliptical than that of Jupiter—seen 
fully only when the Earth is in the plane of the rings—but is only slightly darker at the edges than in the centre. 
Faint parallel-belt markings may be discerned, and occasionally bright or dark spots, but his special feature is the 
wonderful Ring system, divided in two by a dark line-like marking known as Cassini's Division ; 1b ia just visible in 
a 21-inch refractor when the rings are fully open, The projecting ends of the rings are called the Anmee;: the one facing 
in the direction of the planet's motion, in the feld of view, is the ‘preceding’ ansa, the other the ‘following’ one, 

The principal rings are designated A (the outermost) and B which is brighter; .A is divided by a narrow dark 
line known as Encke’s Division, not easily seen, A third ring C, the dusky Crape, Crepe, or Gauze Ring, nearest 
the planet, requires at least a {inch telescope, The rings are not solid as was once supposed, but myriads of tiny bodies 
revolving round the planet; the actual thickness of the rings is not yet known: estimates vary from 10 to 50 miles, 

Saturn Ringlese.—Twice in the course of Saturn's 294-year sidereal period, at intervals of 132 and 159 years (from 
1936), the rings present their edge (a) to the Sun, (6) to the Earth, or (¢) turn their unillumined aide towards the 
Earth, and become invisible in ordinary telescopes—even in the largest telescopes, when edgeways to the EKarth—ifor 
i day or two; Saturn is then in heliocentric longitude 172° or 352’, in the constellations Leo or Aquarius-Pisces. 
About 8-7 yeara later, when he is in the constellations Taurus or Sagittarius (long. 82° and 262°) the rings are fully 
open, and he is at his brightest (see p. 17). The most favourable conditions for brightness and openness are when 
Saturn is in opposition at the times of perihelion (longitude 91"), and greatest openness, which, for the same longitude, 
only occurs every 29-50 years (from 1914). The Earth is in longitude 82° and 91", about Dec, 15 and 24, with Saturn 
NW. of the Ecliptic, and in 262° about June 14, when he is & of it: oppositions about these dates will therefore be 
favourable, but those in the observer's summer will be at low altitudes. As Saturn’s synodie period is 378 days, 
oppositions recur only fortnight later in the season each year, giving for some years succession of the best brightness 
eonditions, At the time of ring-invisibility, the Earth may pass (or almost pass) through the ring-plane thrice in the 
course of a year, the central one being near longitude 172° or 352", the others months before or after (see Table p. viii), 

Saturn's magnitude varies with the apparent width of the rings; mean opposition about — 0-93, max. - 0-4; ring- 
less, from 0°65 to 0-87. His rotation period varies with the latitude, averaging about 10} hours. Herschel I. gives it 
as. 10h, 16m; Hall (1876) 10h. 14m, 24s,, for lat 10°: Denning (1905) 10h, 67m, Gs.” Sidereal period, 29°46 years, 

Saturn bas nine satellites; a very small telescope shows Titan, the brightest (mag. 8-3); a d-inch, or even less, 
Rhea (mag. 10-0); a 4-inch, Tethys, Dione, and Iapetus (mags. 10°6, 10-7, 10-9, respectively); the others are mag. 12-15, 

Uranus and Neptune are of little interest to the ordinary observer, being so distant that their small discs are 
visible only in telescopes over 4 inches, their satellites in large ones. Uranus, being mag. 6, is visible to the naked 
eve; Neptune, mag. 7, In an opera glass. Their maximum and minimum brightness differ only by about 0-3 and 0-2 


magnitude, respectively: their angular diameters also vary very littl Uranus has four satellites, Neptune one. 


Pluto, discovered 1950, bas « very eccentric and highly-inclined orbit (17°); at perihelion (in 1989) he comes 
nearer the Sun than Neptune. His magnitude (seems variable, by 0-2-0-4 mag.) ranges from about 127 to 154. His 
diameter and mas4,as determined by Prof. Brouwer of Yale from perturbations of Neptune, is about equal to that of 


re 
Venus. * In the Planet's worth latitude 36°, 











THE PLANETS. 3 


Planets X, 0, P, &e, Ultra-Neptunian planets, suggested by planetary perturbations and cometary 1 i 
Pluto representa Lowell's ‘ Planet X' (1915, mass much less}: for the others, sea A.d., vol. 61, PLA. vol. 40, 1932. 
The Asteroids, or Minor Planets, being very minute, are all invisible to the naked eye, except Festa (oppose 
mag. 6)); the largest Ceres, is 450 miles in diameter, but the great majority are well under 50 miles. They oceupy 
the position where ‘Bode's Law’ (p. vii) indicates a planet ought to exist, and may possibly be the remains of one. 
Unlike the Major planeta (except Plato), their orbits vary greatly in inclination to the Eeliptie and in eccentricity 
Hidalgo (fA) having an orbit-inclination of 43°, and an eccentricity of 0-65 (exceeded by that of Adonis, see below), 
New asteroids may receive names, but are only nomberod (aymboliaed this, @), roughly in the order of discovery) when « 

satisfactory orbit has bean obtained: for the temporary nomenclature, see p, ix. Over 1300 asteroids are now known. 
Eros (734), diameter about 15 miles, and perhaps S-shaped, or irregularly coloured, as its light varies, rotates on ths 
axisin 6} hours, [ts orbit is so ecorntrie that when nearest the Earth it is about half the least distance of Venus, or 
14 million miles: it is then about mag. 7, bat is usually beyond the reach of small telescopes, the mean opposition mag- 
nitude being mag. 10. The nearness of Eros makes it of great importance for accurate measurement of the Sun's distance, 
Amar ( Delporte Planet 1932 BA), not. more than 3 miles in diameter, approaches within about 10 million miles 
of the Earth——4 million miles nearer than Eros dues, lt may be in opposition twice in a year, Period about 24 years. 
1922 AA, the Reinmuth planet, about « mile in diameter,-may transit the Sun, ira orbit coming within that of 
Venus: it may be only 3 million miles from the Earth, Period about 17 years. (No name or number, orbit doubtful). 
Adounia*® (7938 CA., also unnumbered), a second Delporte planet, approaches nearer the Earth than any other 
known body except the Moon; in 1936, 1b was only 1°38 million miles from us. In addition, its eccentricity (0-76) 
is greater than that of any other planet, so that it comes well within the orbit of Venus, and travels out as far as 

that of Mars, It is probably under half a mile in diameter, Period about 2-57 years; inclination of orbit, 1°26’. 
The Trojan (or Jupiter) Group af asteroid«, named after heroes in the Trojan war, is noteworthy for its members 
revolving in stability equidistant (approx. \from the Sun and Jupiter, though their orbits are very near that of the latter. 


Planetary Radiationt.— The Ineolation of » planet is the total radiation it receives from the Sun ; of this the 
planet (a) reflects much solar radiation of short wave-length, Le., the ultra-violet, visible, and shortest infra-red wave- 
lengths up tosay l-tp (= A14,000); and (6) absorbs the rest, then re-radintes it as Planetary Radiation of long wave- 
length, ia, invistble low-temperature heat-rays, which may include the planet's own radiation, If any: thus (6) is the 
measured total radiation feat the amount of fa). .A lem. water cell placed in the beam of the planet's radiation 
tranamita (a) but absorbs (6), thus enabling the amount of the latter to be measured. As an atmosphere acts as a 
blanket, the planetary radiation of atmosphereless planets will be high; that. of those with atmospheres will tend 
to bo small, lessening the denser and cloudier the atmosphere, uartz and Muorite screens, which transmit longer 
wavelengths than the 1-4 of the water-cell (to 4+1p and 12p respectively) are also used in these investigations, 

Jupiter and Saturn emit 6 per cent of planetary radiation; Mars has about 50%, indicating a thin atmosphere; 
Venus, about 8% on the bright side. The Moon and Mercury give 74°/, suggesting similar physical (atmosphereless) 
eondition, ‘The Moon's local radiation at first or last quarter is proportional to the distance from the illuminated 
limb, and is zero at the terminator, The difference in the radiation from the hght and dark lunar areas ie slight. 

Planetary Temperatures. - ‘The surface-temperature of the Moon varies greatly throughout the lunar day; 
under the vertieal Sun it is101°O.(214°F,), while during the long night it sinks to less than — 150°C. ( —238°F.). Wereury 
under the vertical Sun is about 685°K. (412°C., 774'F,, above the melting point of lead), at perihelion, and 655°K. 
(282°C., 540°F.), ataphelion ; his dark side must be very cold, practically no heat being mensurable. Venue differs little 
on the bright and dark sides, her temperature being shout — 23°C, (—9°F.); we evidently only see the upper surface of 
a cloud-layer in the isothermal region. Murs, under the vertical Sun, is 21°C, (70°F.) at perihelion, but only —6°C, 
(21°F.) at aphelion, when the temperature at the poles ts about —70°C. (-04°F.). Jupiter and the other giant planets 
are evidently eloud-covered like Venus, but their temperatures are naturally lower, Jupiter being about — 150°C. 
(= 202°F,); Saturn, though much further from the Sun, some — 120°-150°C, (—184°-238"F.), thus seemingly emitting 
gome heat of his own; Uranus and Neptune, some — 190°C. (—310°F.) and — 220°C. ( - S64°F.) respectively. 

Planetary Atmospheres. —The Asteroids, the Moon,and even Mercury (probably, the temperature heing high) 
having masses too small to overcome the ‘velocity of escape’ (p. 24), are atmosphereless, If Mercury hasan atmosphere 
as faint transient markings (perhaps dust from volcanoes) suggest, it is so tenous that the solar spectrum ia unaflected. 

Fenus has carbonic acid gas in her atmosphere, but seemingly no oxygen or water vapour in the observable regions. 

Afars.—The density of his atmosphere at ground surface is estimated as not execeding that of the Earth ata height 
of 11 miles, but it is probably much less; clouds form in it and disappear, and both oxygen and water vapour are be- 
lieved to be present, and were reported as having been observed in 1924, hut later observations failed te confirm them. 

Tw Giant Plonets' atmospheres, 50 far as they are penetrable, are probally largely com posed of hydrogen, and all 
contain the not easily condensed methane (marsh-gas, CA), the quantity increasing the further the planet is from the 
Sun's warming radiation. Jupiter, with the highest temperature, and toa lesser extent Saturn, also contain ammonia. 
Pluto, if similar to Mercury, could retain an atmosphere, but the very low temperature would condense most gases, 

* Ant eros, temporarily. } See Lowell Obs, Bulletin, Na. $5, 1925, 








36 METEORS AND COMETS. 


Planetary Surfaces. —Unly the cloudy upper regions of the Giant planets and of Venus are visible, but the actual 
surfaces of the Moon, Mercury, and Mars, are seen. The polarimeter curves of the three latter are strikingly similar 
to those of volcanic ash and pumice, From their albedos at different phases, the surfaces of Mereury and the atmosphere- 
less Moon seem to be very similar, as might be expected, and are rather rough; that of Marsseems to be fairly smooth. 

Meteors or Shooting Stars are of all degrees of brightness, from the faintest, lasting an instant, to the holiae or 
brilliant fireball, lasting several seconds; those that reach the Earth are called aerolites. Meteors may appear in any 
part of the sky, but there are certain well-marked points on the star aphere from which showers of meteors come every 
year at reguinr dates, when the Earth returns to the same part of ita orbit. These showers are named from the con- 
stellation in which lies their Radiant Point or Radiant—so called because the meteors of the shower appear to 
radiate in all directions from that point in the sky, Many hundreds of radiants are known: the Table on p. 43 gives 
a few of the principal showers that may be looked for, and the approximate position of their Radinnts. Those imter- 
ested will find a long list in Webb's * Celestial Objects.’ In colour, the average meteor is more or less white, and is 
estimated to weigh not more than a single grain, from brightness and velocity considerations. 

The meteors for any particular radiant mostly exhibit the same general characteristics year after year, Ther? 
are, however, considerable differences hatween various showers, In some, the meteors move very swiftly, in others, 
they move comparatively slowly; in some, the average meteor is faint, in others, o proportion of fireballs may be ex- 
pected, Streaks or trails are characteristic of some showers, while occasionally a bright slow-moving meteor seems to 
travel ina wavy path. All these points should be noted in meteor observations, but in recording the appearance of 
meteor, the unskilled should note that it is much more important to describe exactly its apparent path or track among 
the stars, from beginning to end, than its physical appearance. The same shower may also vary considerably in point 
of numbers, being quite conspicuous one year, and hardly visible the next, or for years in succession, On the other 
hand, some showers of considerable steadiness sometimes flash into great activity at intervals, the Leonids for instance. 

Meteors are generally twice oa frequent at 6 a.m. as at 6 p.m,, because at the former hour we are facing in the 
direction of the Earth’s motion in its orbit; in the latter, to the rear. They usually appear from 50 to 80 miles above 
the Earth's surface, and, on the average, disappear at 40 or 50 milea. (See Notes on observing meteors, p. 45), 

Comets vary in brightness, most of them being visible only with the aid of a telescope. A comet is generally 
first discernible as a minute, faint, misty patch of light, so much resembling a nebula that it is only identified ne 

a comet when found to be in motion, but sometimes even a very large comet escapes detection at firat by approaching 
us in the line of the sun, The essential portion of all comets is the coma or head, the misty patch of light already 
mentioned. In addition a nueleus may develop as it approaches the sun, te. 8 bright fame-like or star-like mppear- 
anes within the coma, and also a tail, or sometimes several tails—which always point more or less away from the sun, 
no matter whether the comet is approaching or reeeding from the sun. The tail usually appears as a curved hollow 
cone, decreasing in brightness as it widens out, Both nucleus and tail, when present, increase in size and brightness 
ax the comet nears the sun, and decrease os it recedes from the sun; envelopes, or stratifications of the mist round 
the nucleus, especially on the side towards the sun, may also appear as the comet approaches perihelion, Neither 
nucleus nor tail, however. is necessarily present. Several comets are connected in some way with meteoric shower. 

Periodic cometa—those which revolve round the sun, and thus appear at regular intervals—are known by the name 
of their discoverer (as /olmes’ comet), or discoverers at two different returns (as Pons-Brook's comet), or discoverer or 
investigator of the periodicity (as Halley's and Enoke's Comets). Tempel 1 (1867), Tempel IT (1873), indicate two dis- 
coveries by the same observer, iela’s comet (now Jost), which divided in two, was known as Biela I and IL. 

The Zodiacal Light -—Except near the time of the equinoxes, this 1s not well seen in temperate lotitudes, as ita 
axis in the sky at other times is comparatively near the horizon, It appenra as a faint, hazy, conical, beam, some 
15°-20" wide at the base, which nearly follows the course of the Eeliptic (not the Celestial Equator) on the star sphere, 
for 90° or more from the horizon a little south (8. Hemisphere, north) of where the Sun is below the horizon ; im its 
brightest parts, it is two or three times as luminous as the Milky Way, but towards its extreme limits it is always 
exceedingly faint. Its brightness seems to vary from time to time, and it is brighter when observed within the 
tropics than in temperate latitudes, partly owing to its being more nearly vertical to the horizon, and partly to the 
shorter duration of twilight, It is best seen Feb.-March (evening), Aug.-Sept, (morning) in the N, Hemisphere ; in the 


8. Hemiephere, vice versa; the inexperienced are apt to mistake the glow of twilight fori. (See Notea on Observing). 
Tp a very clear atmosphere, the Zodiacal Band, a narrower extension, joins the Gegenachein (next page), thus extend- 
ing the Light right round the estar sphere. These phenomena are all usually attributed to sunlight reflected from 
meteoric bodies, their spectra being mainly that of sunlight, but two recent theories consider them, (a) a terrestrial 
‘tail,’ like that of a comet, due to the San’s lizht-pressure; (b) an atmospheric phenomenon at an immence altitude 














ECLIPSES, don. 


Tha ‘Counterglow’ or Gerenschein is a very faint round patch of light, 10°-20° in diameter (1.4, larger than 
the ‘Great Square of Pevagus'=a, 8, +, Peaast anda ANDROMEDA), or 40°-60" according to another authority, situated 
on the Ecliptie at the point diametrically opposite to where the Sun is for the time being. It is very difficult to see, 
and cannot be distinguished if projected on the Milky Way: choose a moonless night of exceptional clearness, when 
the Eeliptic ia highest above the horizon, viz.,in December and January. According to Barnard, it is largest and 
brightest in September and October. (See a long paper by Barnard, in the Anglish Mechanic, March 21, 191%). It 
also is probably due to sunlight reflected from meteoric bodies. 

Occultations take place when the Moon or a planet passes in front of some celestial body, shuttting it out from 
view. The Moon frequently ocoults stars; the disappearance, or tmmersion, 1s alwaya on the E. side of the Moon, the 
reappearance, or emersion, on the W. side: sometimes (but rarely) the Moon occults a planet. When the star is bright, 
the instantaneous disappearance and re-appearance are almost startling: very rarely, the star seems to hang for an 
instant on the limb, perhaps chancing on some irregularity parallel to the Moon's motion. Duration, see next page. 

The Moon's (star) shadow is 2160 miles in diameter on the fundamental plane ip. 4), and has no penumbra; it Sr ent 
ncross the Earth from W. to E., in the direction of the Earth's rotation, which makes oecultations last longer than 
they would with a non-rotating Earth. The V_A. occultation list gives the parallels of latitude within which they are 
sean: near these limits, the amall breadth of the shadow (oval, in general) confines visibility to a very limited district. 

Eclipses occur when (a) the Moon passea in front of the Sunt; (6) a satellite enters its primary's shadow (the body 
blots out, in occultations), and becomes invisible, though nothing intervenes, because the Sun no longer illumines it. 

In Solar Lelinses—which, strictly speaking, are really occultations of the Sun—the eclipse begins on the west side 
of the Sun's disc, and the shadow sweeps across the Earth's surface from west to east; in Lenar Bolipecs, the eclipse 
begins on the east side of the disc, and sweeps over it westwards, The wmbra, or shadow, is the dark shadow on that 
portion of the Earth in solar, of the Moon in lunar eclipses, which, for the time being, receives no direct light from 
the Sun. The umbra shades away into the bordering penumbra or partial shadow, which covers those regions of the 
Earth or Moon whence the Sun would be seen partially eclipsed: the edge hetween them is never sharply defined. 

Firat Contact occurs, in a solar eclipse, at the instant when the dises of the Sun and Moon firat appear to touch, 
i.¢,, when the eclipse begina; Last Contact at the instant of the end of the eclipse. In the case of a lunar eclipse, we 
have two Firat Contacts—at the instant when(1) the penumbra, and (2) the umbra or shaclow, first touch the Moon's diac: 
and similarly two Last Contacts, at the moment when (3) the shadow, and (4) the penumbra respectively leave the cise. 

The magnitude, or extent, of partial and annular eclipses is indicated by expressing the proportion of the diameter 
eclipsed as a decimal of the full diameter, at the time, of the Sun's or Moon's dise; in solar eclipses it varies according 
to the locality, but in lunar eclipses it is the same at any place from which it is visible. 

In a total lunar eclipse, the magnitude is indicated as the ratio to the Moon's diameter at the time taken as | ; any 
eclipse less than 1 will be a partial one, while the maximum will be about 1-8, but this only oceora when the Moon is 
simultaneously in perigee and on the Ecliptic. The further the Moon is from the Ecliptic, the shorter is the duration 
of totality, and the nearer the points of first and last contact to the lunar poles. 

Lunar Eclipses, when total and central, may last as long as 3 houra 45 minutes from first to last contact of the 
umbra, or up to 6 hours including the penumbral stage; the maximum duration of totality is 1 hour 47 minutes. 
Usually the Moon does not altovether disappear from view, even at mid-eclipse, but shines with a dull reddish-orange 
or greyish light, being illuminated by sunlight refracted by the Earth's atmosphere: the colour and brightness depend 
on the amount of water vapour and clouds present in the Earth's atmosphere at the time. On rare occasions the clouds 
intercept all or nearly all the rays that would be refracted, so that the Moon becomes nearly or altogether invisible. 

Solar Eclipses, both total and annular, are rarely visible from any given place, the ‘expectation’ being only one 
in 360 years, Some 3 or 4 hours elapse between first and last contact, but totality never exeeeds 7 m, 40 secs., and 
annularity 124 minutes: both are usually much less, At the equator, both totality and contact-interval last about « 
quarter longer than at lat. 50°, The width of the zone of totality averages lees than 100 miles, but where the San 
is in the zenith it may be about 167 miles.* Partial solar eclipses are of little interest, the Sun merely appearing 
noteked ; the temperature may fall perceptibly, however, and about mag. 97, Mercury, Venus, and stars may appear. 

Transits of Mercury and Venus,—Transite of Fenws happen twice at the short interval of eight years, and 
then do not recur for over 100 years (105) and 121} alternately). Lost transite, 1874, 1582; next transits, 2004, 2012. 

Mercury transits the Sun about four times in 33 years, and af the same node at intervals of 7, 1G, 33 or 40 years. 
The transits always happen at the descending node in May, or at the ascending node in November. ‘Transits take 

place in May [1924], 1957, and 1970, and in November [1927], 1040, 1953, 1960 and 1973, (See Note on Transits, p.42) 
FI *See Track Charts in the V4. + Or, in binaries, one tar passes before the other, 








CELESTIAL PHENOMENA, 


. Duration of Occultations.—The Moon's mean daily motion among the stars iz 10°:18, or 0°-55 per hour, as seen 
from the Ea*th's centre. The Moon's mean angular diameter being 0-518", for a central occultation her (star) shadow 
takes nearly an hour, on the average, to pass the Earth’s centre, and still longer « point on the Earth's surface, where 
by her rotation, an observer is being carried in the same general direction as the shadow is travelling. At the Earth's 
equator the speed is about 1030 miles, and at latitudes 45° and 52", 734 miles and 640 miles per hour, respectively: the 
duration of an occultation, therefore, shortens with increasing latitude, but in finding the actual duration, the Moon's 
varying velocity and angular diameter, and other factors, have to be taken into account, The track of the centre af 
the shadow may take strange curves, very similar to those of the tracka of various solar eclipses given in the .V,4. 
In the latitude of Greenwich, some central oocultations may last about 14 hours. 

Occultation Period.—Owing to the westward motion of the Moon’s node along the Ecliptic (about 14° per 
nodical month), the Moon's monthly path among the stars is always changing, circling the star sphere back to the 
same node in 18°59 years, On the average, therefore, each star within about 6}° of the Ecliptic has the chance of being 
oceulted twice during that interval, when it is passed successively by the ascending and deseending quadrants of the 
Moon's path. These ‘paasings' are at average intervals of 9} years for stars on the Eeliptic itself; for other occultable 
stars the interval between the passings shortens as the distance from the Ecliptic increases (with a correspondingly 
longer interval to the next pair), till, at the occultable limit, the two passings coincide, But the intervals are not 
constant, owing to the varying inclination of the Moon's orbit, the node's irrecilar and sometimes (as regards the mean) 
reversed motion, e., so that an occultation may be repeated during many montha—or even some years, for stars near 
the occultable limit, where the monthly paths are closely crowded—before the path finally departs from the star, 

Twilight, from ancient times, has been reckoned as ending when the Sun's centre is 18° below the horizon, 6th 
magnitude stars then being visible in the zenith ; it has no definite duration, however, as meteorological conditions may 
modify it. The glow, in its later stages is a segment of a circle, brightest vertically over the Sun. Directly opposite, 
the indigo-blue segment of the unilluminated atmosphere rises from the east as the Sun recedes from the horizon, 

Twilight lengthens with distance from the Equator, and is shortest all over the Earth about the Equinoxes. 
The total variation never exceeds half an hour below latitude 40°, and in higher latitudes, some 10-20 minutes during 
autumn, spring, and winter; but above lat. 40°, in summer twilight lengthens, till it lasts all night above 50°, Cur, 
Nautical, and Astronomical Twilight (British V.A.) end when the Sun‘s centre is 6°, 12°, and 18° below the horizon—the 
first about the limit when “ordinary outdoor operations become impracticable without artificial light.” Table p. xiv. 

Twinkling of Stars. —Though purely atmospheric in its origin, this phenomenon is of interest to astronomers, as 
it is affected by the nature of the light emitted by each star, Le, by ite spectrum, White stars (Types Band A) twinkle 
most; yellow stars (Types F to K) slightly less, and red stars (Type M) least of all, Twinkling is least at the zenith, and 
in settled and calm weather; and greatest toward the horizon, and im unsettled and stormy weather: there is also a 
sensonal waxing and waning from mid-summer to mid-winter and vice versa, Planets do not usually twinkle except 
when near the horizon—supposed to be due to the fact that they have dises of an appreciable size. 

The Grean Flash, or ‘Green Ray,’ occasionally seen for a second or two before the instant of sunset or sunrise, 
is o beautiful solar phenomenon, duc, like twinkling, to atmospheric causes ; it is more often visible if an opera-glass 
is used, The general conditions required are a distant, sharply-detined, and low ( preferably sen) horizon: avoid looking 
at the Sun till the last moment, Cool weather and absence of red tints seem to favour visibility, Sometimes it takes 
the form of a white flash followed by a deep blue one, While the duration is usually only a second or two, it tends to 
lengthen with increase in latitude, especially if the horizon is nearly parallel to the Sun's motion. In the Antarctic, 
it has been olwerved for 80 minutes. A Red Flash is sometimes seen as the Sun's fewer edge emerges from o dark 
cloud near the horizon: it may last minutes if the cloud’s motion is nearly the same as the Sun’s. 

Aurors are believed to originate in the Sun, There is general agreement between the sunspot maximum and mini- 
mumand their ¢reatest.and least frequency, andthough no definite relationship with sunspots has yet been demonatrated, 
magnetic storms and aurore frequently occur when large spots are on or near the Sun's central meridian: they misty ee 
due to rays shot out from certain areas of the Sun's surface—not necessarily radially, or from where a sunspot is seen, 
Aurore appear in various forms: diffuse areas, ares, rays, beams, curtains, patches, &o, (details see p44) The 
ordinary height is some 87 to 300 kilometres (55-180 miles), but altitudes of 1000 km. (620m.) have been recorded, 

Aurore are most frequent about the time of the equinoxes—especially just after.” In Europe, some thirty may be 
sean annuaily on the line Inverness- Oslo: south of that line the number rapidly falls off, and south of the latitude of 
Paris, they appear only at long in ceureatil In America the corresponding limits are Quebec-Alaska, and Washington, 

The edlour of Aurore 15 ordinarily faint white, silvery or delionte creer in the brighter pakrts 5 red may appear, 
especially in the diffused type, or towards the lower edge of other t ves, and may peat inte yellow-green, The auroral 
apeetenin (alao that of the night sky, faintly), has a characteristic green line—A5577—due to oxygen and nitrogen. 

Luminous phenomena, simulating auroral forme, also ocour (rarely) near or even at ground level, and owing to 
undoubted theoretical difficulties (in our present state of knowledge) are usually attributed to mist or optical illusion. 
These explanations, however, do not account for the apparent absence of reports of such illusions from the regions of 
leseer anroral activity, where they are equally likely to occur, nor do they satisfy an actual witness of a ‘low aurora, 

"See ' Aurone,’ Encyclo. Brittannica, 11th ‘edition, 














VI. HINTS ON OBSERVING, &c. 

Atmospheric Conditions.—To get the best results, objecta should be viewed when they are as far as possible 
above the horizon, i.¢., when near culmination. Satisfactory observations cannot be made of objects at low altitudes, 
owing to the increased intervening thickness of the atmosphere, and the haze and mist which so often obscure the 
horizon, ‘The nights when the sky is darkest, and the stars most. brilliant, are not always the best for observations, 
Faint and ill-defined objects, such os some nebulw, may, however, often be seen to advantage on such nighte 

During a slight haze, the air is often very steady, and splendid views of bright objects may then be obtained. 
If the stars twinkle much, it indicates that the air is unsteady and not altogether satisfactory for observation. 

Viewing Faint Objects.—The eye becomes much more sensitive to faint impressions after it has been kept 
in the dark for s considerable time, A slight change of focus is often restful to the tired eye. 

Very faint objects, otherwise invisible, may sometimes be detected by averted vision: the eye is directed to 
another part of the field, while the attention is fixed on the spot whore the object is supposed to be. 

Making Notes: Consulting Charts, &c.—<A bull’s-eye lantern with a slide to shut off the light 1s of great use. 
A cycle lamp may be utilised by the occasional observer. A photographic red lamp is even better, as it does not affect 
the sensitiveness of the eye. It may be placed on a support at some distance from the observer, and so directed as 
to throw s faing light on the book or card, when notes or sketches are being made at the telescope. A strong light 
should be avoided, as it makes the eye less sensitive for observation. 

A small table to hold the maps and other books, with a lantern having a shade to throw the light downwards, 
lest the direct rays of light should reach the eye, is almost a necessity; a special shelf may be fixed up in an out-house, 

All observations should be written down at the time, when they are made. The notes should be clearly worded, 
and should have entered on them the year, month, day, hour, and minute of the observation, together with the aperture 
and power of the telescope, and the state of the air, In Earthshine observations, the temperature, barometer reading, 
and direction of the wind should also be noted, as meteorological conditions have some influence on the brightness, 

Direction in an Inverting Telescope.—In the inverted view of an object, as seen in astronomical telescopes 
(except ‘Gregoriana’), to observers in the Northern Hemisphere the upper part of the field of view is south, while 
the lower part is north ; east is on the right hand of the object, and west on its left side, 

To observers south of the Equator the reverse ia the case; the upper part of the field is north, and the lower 
eouth; east is on the left hand of the object: west, on ite right. 

For circumpolar stars, however (i.¢. those 4 less number of degrees from the Pole than the observer), the rule does 
not hold, as the observer is facing the other way, and objects on opposite sides of the Pole are movingin opposite directions. 

North Preceding, &c,—To get over these difficulties in desoribing how to find a celestial object in the field of 
view, the phrases ‘North (or South) preceding,’ ‘North (or South) following,’ a certain star, are commonly used, orth 
(or South) indicates that the object is nearer the North (or South) celestial pole than the star referred to; Preceding that 
its Right Ascension is fear than that of the reference star, and Jollowing, that its R.A. is greater, thus indicating the 


Between rlelng and culmination. Southing or culminating. Between culmination and setting. 
(dagiedepending on fatitwde ef observer ane declination of afar. (Upright), (dagieeiepending on fot ole of oberon ond declinaios ar ofeor). 
np Nurch preseding. nwyfl=Narth following, op.=—Gowsh preceding, tf.=—Sunth following P=Wet F= Haat, 


direction in which to find the required object. The annexed diagram indicates how the hour-circle—which coincides. 
with the line SN in the diagram—lies with respect to the horizon in an inverting telescope, when in different 
positions, and how a Position angle (P.A.) will in consequence occupy varying positions in the field of view. 

In the diagram, the arrow denotes the apparent path of a star with reference to the horizon, as it crosses the 
field of view of a fixed inverting telescope in the N. Hemisphere. This path will be horizontal only when the object 
is on the meridian, but the relative positions remain unchanged. In the 8. Hemisphere, hold the book upside down. 
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Observing the Sun.—It is extremely dangerous to attempt to view the Sun unless proper precautions are taken: 

blindness may be the penalty of rashness or ignorance. A perfectly safe method is to support a smooth, white card, 
at the distance of about a foot from the eye-piece, and to focus the image of the Sun projected on it, The screen 
should be held in a covered frame-work or box, and the picture of the Sun viewed through a hole in one of the sides. 
If, on the other hand, the Sun is viewed directly through a dark-glass cap, a larger aperture than 2 inches cannot 
safely be used in the heat of summer. .A stop made of a card, with a circular hole of 2 inches or less in diameter, 
should be fitted over the object glass of a larger instrument, to reduce the amount of light and heat transmitted: this, 
however, tends to reduce the sharpness of the definition. A special solar eye-piece can be obtained which enables full 
apertures to be used with safety. 

Observing Prominences, by the spectroscope. The edge of the Sun’s image should be made to fall on the 
nearly-closed slit of the spectroscope—which must be one of considerable dispersive power, The telescope should then 
be driven (preferably by clockwork) so as to keep the image in the same position, The spectroscope lg next focussed 
on one of the hydrogen lines of the spectrum, and, on the slit being opened, the prominence will be seen. Good 
views may be obtained in thia way, using a 3-inch telescope with a spectroscope having several prisms, 

Observing Sunspots.—In studying their motion across the disc from east to west (see note, p.39, as to direction 
in inverting telescopes), the position angle (p. 5) of the Sun's axia requires to be taken into consideration, as the 
apparent path varies according to the time of the year. The spots only move in straight lines across the disc about 
June 5 and December 7, on which dates slone the solar equator is seen a5 a straight line on the disc, dividing it into 
two hemispheres, with the poles exactly on the limb, At all other times, one pole alone is visible—very near the 
limb owing to foreshortening—and the solar equator lies on one side or other of the apparent centre of the dise, and is 
curved downwards or upwards, as are also the paths of the spots: maximum curvature northwards, about March 7; 
southwards, about Sept. 8. Sunspots take about a fortnight to traverse the dise from limb to limb,* and will reappear 
after the same interval if they survive. Naked-eye spots have a diameter not less than about 1/60th of the dise (31"). 

The variation of the position angle of the Sun's axis during the year (for the Nortf, pole) is about as follows :— 


Jan, 5, July 7, 0° Feb, 25, May 19, 20° W.[) July 7, Jan. 5, O° Aug. 28, Now. 20, ay" FE, 
, 16, June 26, 5°W.| Mar. 7, May 8, 23°W.]) ,, 19, Dec. 26, 5°E.| Sept. 8, Nov, 9, 23° E. 
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The distance of the Sun's visible pole from the Linh haa mecesaar|ly been exaggerated in the diagram. WN, 8, indicate the Hine of the hour cirela, 
NM showing North in an loverting telerso}e—nearest the horizon im the BW. Hemisphere, Io the-§, Henoephare, bold the Gook upehte down, 


Near the times of the greatest inclination of the axis to the hour-circle, spots just appearing on the limb in the 
high spot-latitude of 45°, are, by the inexperienced, apt to he taken as being near the poles. 

The number of degrees the solar equator is below or above the centre of the dise on various dates, is given in the 
Nautical Almanae, column B,, ‘ Heliographic Latitude of the Earth,’ + indicating that the apot-path is curved south- 
wards, and — that it is curved northwards, The longitude of the spot on the surface can be found when it arrives 
half-way across the disc, from the column L,, ‘ Heliographio longitude of the centre of the disc,’ 

Observing the Moon.—With a low power, and a fair-sized telescope, the glare of the Moon is very trying to 
the eye, and a tinted glass, mounted in the same way as the dark glass of the solar eye-piece cap, may be used, 
Reducing the aperture affects the sharpness of the definition. When the Moon isin perigee, the brightness is appreciably 
greater than when she is in apogee, the ratio being nearly na 4 is to 3, Best-seen conditions of each phase, see p, 29. 

Observing Lunar Eclipses.—Mid-winter eclipses have the best altitude conditions, mid-summer onea the least 
favourable, for the reason given p. 29. Firat contact is always on the E. side of the dise, and through the telescope the 
Earth's shadow may be seen sweeping slowly across it, but the edge is not sharply defined. It should be noticed that 
from first to Inst, the ‘preceding’ edge of the umbra is always uniformly convex, unlike the dark terminator of the 
young Moon, which, though convex at first, daily grows less convex, till, at First Quarter, it is straight, and 
finally becomes increasingly concave. Similarly, the following’ edge of the umbrais alsoalways convex, Phenomena 
that may be noted are the visibility or otherwise of the rays, and of prominent craters, &c., such as Aristarchus and 
Copernicus: also the variations of colour as the eclipse progresses, on different parts of the disc, 


* Sionphuret discs, for measuring the positions of sunspots and faculm by projection, can be obtained from Messrs Casella & Co,, 
Selentifie Instrument makers, London. For the method of using them eee ‘ Memoirs of the Brit. Astr. Assn., Vol. RATT, Part IL 
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Observing the Superior Planets.—In temperate latitudes, summer observations of these planets are always 
conducted under unfavourable conditions ‘as to altitude; in winter, the altitude conditions are the most tarourable. 
This results from the planets being always near the Eoliptic, 80 that their highest altitude above the observer 
horizon at culmination is much the same as that of the Ecliptic where it cuts his meridian, At mid-summer, mid- 
night culmination is at its lowest, and in mid-winter at its highest. Thus observers in the Northern hemisphere, out- 
side the tropics, are better situated for observing the oppositions between October and March, than thase in the 
Southern hemisphere, while observers in the latter are better placed for seeing oppositions between April and September. 

A curious effect of the two-year synodiec period of Mars is, that for some eighteen months or so in succession, he 
ia Visible at some time or other avery night, then becomes lost in twilight and daylight for some four or six months, 

The angular diameter, or semi-diameter, of a planets disc on any date, will be found in almanacs: the diagram 
indicates, on a uniform scale, the range of changes, and relative sizes, of the discs, and the favoursbleness, or otherwise, 
of the size of the disc can easily be inferred by reference to the mean diameter. 








Saturn. Min.15° Mean. 18" Max. 20", Uranus, 4". Mare, Min.3j" Mean, 15" Mesn.opp 1° Max. 2°. = Jupiter. Mingo" Meanig" Mas. 

Observing Mercury and Venus.—The most favourable seasons of the year are indicated on page 33, For 
Mercury, Southern observers have the best conditions, as his maximum elongation ocours when he is in 8, Declination. 

Observing Oceultations.—Beginners will probably be rather puzzled to know the direction in which the Moon 
will approach the star, owing to the varying position of the Moon's axis with respect to the horizon: the direction, 
however, is approximately at right angles to the line joining the cusps, or horns of the Moon. 

The Moon's mean hourly motion being fully }", the rate of approach ix aboot a quarter of the Moon's diameter in 
14 minutes, or the apparent diameter of Hipparchus in about 27 minutes, or of Copernicus in about 14 minutes. The 
time, however, is moditied by the latitude of the observer, ko, 

Observing the Zodiacal Light.—As the axis of the Light approximately coincides with the Ecliptic, the moat 
favourable conditions in temperate latitudes are when the Ecliptic ig most nearly vertical to the horizon soon after 
sunset, or before sunrise, which in the evening is before the Spring equinox, and in the morning after the Autumnal 
equinox, of exch hemisphere. The nearest approach to verticality is always when 6 bra, R.A. is on the meridian (N, 
Hemisphere), or 18 hra., (8. Hemisphere); at that instant, too, both the direction of the lowest portion of the Light, 
alao the vertieality, are most easily found, as the Ecliptic then intersects the horizon exactly due weat and due east,* 
and its angle with the horizon is equal to the co-latitude of the observer plus 254". 

The 4odiacal Light proper cannot be longer above the horizon than aix houra after sunset, or before sunrise, as 
its extension from the Sun is reckoned as about 90°, but of course it will only be distinguishable for a much shorter 
period, twilight prevanting observation for perhaps an hour after sunset, in the higher temperate latitudes: and the 
haze of the horizon obscuring ita faint extremity for long before setting. For brightness, compare with Milky Way, 

The Table below gives the approximate dates and hours when the Ecliptic is most nearly vertical during the short 
observing season. Thedatesat the top are for the N, Hemisphere; those at the foot (in italic) for the 3, Hemisphere, 
The position of the foot of the Light on the horizon for three or four hours after (or before) the hours mentioned 
is easily found, as ites movement in azimuth westwards, may be taken as about 6° per hour, over that period ; 
similarly, the decrease per hour in inclination after (or before) greatest verticality is, roughly, a. 
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Observing the Milky Way.—The Milky Way circles round the Celestial poles once each siderral day, its 
central ine passing within 27° of the N, pole, in the W of Cassiopeia, and within 27° of the S. pole, near a Crucis, 

In the N. hemisphere, in the latitude of Britain and the U.S. A., 1 passes through or near the zenith during the hours 
when R.A. 22 hee: tod brs. are on the meridian; thereafter it approaches the horizon, till, when R.A. 13 hrs, is on the 
meridian —and for some time before and after—it lies so close along the N. horizon for most of its visible length that it 
is hardly observable, after which its altitude begins to increase again, The Cassiopeia-Argo section 1s visible to its 
maximum extent when R.A. Shes, is on the meridian, and the Cassiopeia-Scorpius section when R.A, 16h. is on the 
weridian, but the portions near the horizon are not well seen, For favou rable observing times, consult Table p. xiv. 

In the 5, hemisphere, in the latitude of Cape Colony and Southern Australia, the corresponding phases are:—over- 
head, R.A, 10hrs. to 1Ghrs. on the meridian; on the horizon, R.A. 1Lhr. on the meridian, The Crux-Oygnue and Crux. 
Perseus sections are visible to their maximum extent when R.A, 20hbrs. and R.A, 4hrs., respectively, are on the meridian. 

H * The compass-direotion requires correction for the magnetic variation; eee l-inch Government Mapa, 
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Observing Variable Stars. —The ‘variable’ is compared with neighbouring stara of similar brightness 
and of known magnitude, Two comparison stare are found, one rather brighter than the variable, the other slightly 
fainter; the magnitude of the variable will be between those of the comparison stars, and the nearer their magnitudes, 
the moreaccurate the result, Except for rough estimates, o catalogue of magnitudes is required, or a special star chart, 
such os those for Nove and interesting variables given from time to time in the British Astron. Association Journal, 
or ‘sequences,’ i¢., lists of standard stars, arranged in order of magnitude for this purpose, 

The dates of maximaand minima are recorded by the Julian Day (J.D.)*—which begins at noon, not midnight, 
(p.8}—and decimals of a day, but observations cannot always be made, aa the date may fall when the star is near the 
Sun, or during moonlight. The annual B.A.A. Handbook gives useful observing information, dates of maxima, é&ec. 

It is important, where possible, (a) to observe the star when at ite highest altitude; (6) that the comparison stars 
be about the game altitude, so that atmospheric absorption (see below) will equally affect their magnitudes; (c) that 
they be as nearly as possible similar in colour to the variable, as it is very difficult to estimate correctly the real 
relative brightness of two stars differing widely in colour, as, for instance, in the case of Betelgeuse and Rigel, For 
a curious optical phenomenon—known as the Purkinje Hffeet—comes into play, namely, that if red and green 
lights, appearing equally bright, are increased or decreased in the same ratio, in neither ease will they now appear of 
equal brightness; the red will seem the brighter when the light is increased, but the green when the light is decreased. 

Estimating Magnitudes: Atmospheric Absorption, —For accurate valuation of the magnitudes of bright 
variable stars, if the comparison stars are not about the same altitude, allowance must be made for the difference, as 
atmospheric absorption diminishes the brightness (apart from haze) by approximately the following magnitudes:— 











Zenith distance. 47° | 58" | 64" | G9" | 71° | 7a" | 75° | TI" | 79° | Bor | 8s" | Be" | Ba" | $9" 
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Altitude above horizon, | 438" | d2° | 26" | 21" | 19° | 17° 15" | iz |} "| ter") 66 | 2 ee 


Comet Seeking.—In searching for comets, a telescope of fairly large aperture and of short focal length, with an 
evye-piece of low power having a large field of view, should be used. The observer should slowly ‘sweep’ (t¢., move 
the telescope in a horizontal direction) for some distance, a carefal watch being kept all the time. At the end of 
the sweep the telescope is slightly raised or lowered, and an overlapping sweep is taken in the opposite directiun, 
This process is repeated continuously. Should a nebulous-looking object be noticed, the comet-hunter must look in 
his catalogue of nebulm to see if the object can be identified. If not, he should draw a careful sketch of its position 
among the neighbouring stars. If in the course of time any movement can be detected, and the place of the sus- 
pected object does not agree with that of any known comet, its position should be determined as accurately as meana 
will allow, and a telagram giving particulars should be sent to Greenwich (or the corresponding) Observatory. 

Observing Transits.—There are four contacts: external contact, at ingress and egresa, i,¢., entering orleaving 
the Sun's or planet's limb; and internal, when entering completely on or beginning to depart from, the dise. 

The Black Drop, seen at internal contact when Venus (sometimes Mercury) is just touching the Sun's limb, is a 
curious drawing-out of the planet's black dise to the Sun's limb, in a broad band or ligature, which gives it the appear- 
ance of a drop of black ink hanging internally from the Sun's limb. In a few seconds the band contracts, then breaks: 
this renders the instant of internal contact uncertain. A very narrow brilliant circle of ght is sometimes seen sur- 
rounding Venus near first and last contacts; it is probably due to sunlight refracted by her atmosphere. 

Observing Nebulw#.—These faint objects lose least light by atmospheric absorption when near the zenith, hence 
those showing a preference for the Galactic plane are most favourably situated when the Milky Way is nearly overhead, 
but these showing a preference for the Galactic poles, when the Milky Way liea near the horizon. Suitable times for 
observation can be found by the notes on p. 11, along with the Table of Sidereal Time on p. xv, 

Observing Earthshine,—The degree of visibility of the outlines of the Maria, and of Aristarchus, Copernicus, 
and other prominent crntera, allords « food index of the state of the atmosphere, The thermometer and barometer read- 
ings, and direction of the wind should be noted, as meteorological conditions have some influence on the brightness. 

Observing Nove.—The following changes generally occur in the spectra and colour; there may be considerable 
vuiriations from the normal, some stages missing, and individual peculiarities, I. A.U. Notation (1922, 1928) below. 


1 Continuous spectrum ; " White | 5. Hydrogen lines brighten up: Red | & Star now a planetary nebula, 
2 Hydrogen lines double: bricht & dark lines: , | & Hydrogen tines fade: ... Orange | & Nebula linea fade: spectrum 

3. Lines widen: continuogs spectrum fades, 7. Nebula linea more prominent now faintly continuous, 

4. Nebula lines appear : ae «= Lelow | than hydrogen onea, ... Bluiah bright Wolf. Hayet banda, 


Qa; absorption lines and bright bands (faint). Qb; stronger absorp, lines (mainly enhanced metallic, many double)and bright 
bands Qe; absorption metallic lines of 0, .V, Ae, enhanced metallic lines predominating, Qd ; as Qe, but gaseous lines predom- 
inating. Qu; broad nebulous emission bands near AAd480, 4515, 4640. Qx; bright bands (enhanced 0,1, Ale); absorption lines faint. 
Qy; as Qs, bright nebular bands. Qz; bright nebular and weak Wolf-Rayet banda, Qz-065; as Qz, Wolf-Rayet bands strong, 

Combination spectra indicated by combining the small letters, placing the most prominent first. 


* Sometimes J.A.D.—Julion Astronomical Day. 
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Observing Meteors.—Showers from radiants within or near the circle of the ‘always-seen" stars of any locality 
are observable all night, more or less, but the olwerving interval shortens as the distance from that circle Imoremees, 
until, for the more remote, should the eulmination-hour be many houra after midnight, the shower is never observable 
from that latitude except fora few hours before sunrise. Thus the November Leonid shower is only a morning ome 
as the radiant culminates about 6a.m., and only rises about midnight, Some meteors from a radiant just below 
the horizon may be visible, however, The possible observing-hours can be found from the star Table on page xiv. 

The following are the important points to note:—Date; Greenwich Mean Time (G.M. T., U. T.) of appearance ; 
R.A. and Dec. of beginning and end of flight, and duration in seconds ; colour and stellar magnitude, stating comparison 
star; path, if straight or wavy; strenk or train, if any, and the colour, duration, direction and epeed of drift; 
any other notes. A strenk is the faint, phosphorescent narrow band, sometimes coloured, which endures for m 
time along the path of some meteors: a ¢rain, a spark-like and ustally quickly-disappearing appendage. The R.A. 
should be stated in degrees (see conversion Table below), and the observation communicated to the Director, Meteor 
Section of the British Astronomical Association, London, or to the American Meteor Sovety. Cambridge, Mass, 

For counting seconds, the well-known photographic rule ‘One, twa, three, ONE; one, two, three, rwo:; &e.’, pro 
nounced rapidly but distinctly, gives very near results. 

List of Important Showers. —The Radiant position may change = degree or two on successive days, and o 
look-out should be kept before and after the dates given, aa leap year adjustments cause small variations, For 


a Radiant on every night of the year, see B.A.A. Handbook, 1922; and list of 1000 radianta, Wem, 2.4.5., vol. 53. 
The column headed “Cul," gives the Radiant’s approvimate hoor af culmination on the central date, ‘a" denoting a.tn,; 'p' pom. 

Date | Shower. _ Cul nA Le jaregarag he Speed, Ste, Date. Shower. Cul | aA Saath — Speed. &c 
Jan. 2-3 | Quadrantids &) 230°215 90 | fa" |) Medium, Ang. 10-12| Perseids' § | 5°. 3 00/87" | v, ewilt, 

» 17 | #Cygmids 1") g95" 19 40 | 5° a | slow, trained. || ,,12-GQct¢| *Aurigida: ©) F4> 4 56| 42" x | v. aWwift, strentes, 
Feb, 5-10) Aurigids 8) 75" 5 0) a"y/ ¥, sl,,firelulls, || Aug.-Sept,| Lacertida 127) ago" 99 @| 49° | medium, short, 
Mar.10-12| fBotitids | 218° a4 92 | 19° x | wwift,stronks, 10-20) «Cygnids 107 | gon" 19 20 | 54" x » bright. 
Apl. 20-232 | Lyrids *) o71" 1 4] 39° | do | 21-23 | © Draconida 8? | 997" 19 24) GO" s | vslow: mx. 1679, 
May 6 ¥ Aquarids 7. ac4° 2216) 2° a | v awift?, ) gp BBL Fw TF) 963" 17 38) 62" x | slowiah, bright, 

» 11-24) ¢ Heroulids I! 947° g4 28 | O86" y | ewift, white. Rept, 7-16| ¢Peracids &) gy" 4 4) a5"y || swift, streaks, 

» a ) Pegasida + | 399" o2 12 | o77y |v, aw. etrenks || Oct. 2 Quadrantids 4? | say" ge » 62" x || slow. Im ISTT. 
June 2.17 a Scorpiidts Lip 45" 16 ch v.8l., firebulis, + [2.23 # Ariatids 1s | 42" 8 as ; 21° HN | ¥. alow, fireballs, 
» 27-80) « Draconids: © | 928° 15 12 | 57° x | v, slow 4, » 18-20) Orionids | g2" a 8/15" x | swift, streaks. 

» Sept) y do oP) 30" 17 oH | 45° S| alow, trained, | ,,30-Nv.17| ¢Taurids 1 gy’ 4 16) 22°x | slow, fireballs, 
July 15-30 | a Cap'cornidalir | 304" 9) tf!) 12 5! yal. bright". || Nov, 3-16) @ 4 I) 55° 3 ao | 13°s | y, slow, bright. 

» ~Aug |) aCygnids 197) 315" 21 6) 46 x | aw., last long, o P15) Leomide® = © | 150" 10 0) 28° | y, swift: period 
n S0-Au A of Perseids ™) 48° 318) 43 5) v.ew,etroaks || ,, 17-27| Amdromedida 10? 95" 1 40| 49° x | y, slow, [3}yrs 

ny fod) O Aquarida 2) 930°=22 3 | 11 5 | el,long paths. || Dec. 10-12 | Geminids 2 | 112"= 7 | 33" x med'm, white, rie 


Votes. ‘The Perseids are visible during July and Aug. (a rich display, max. Aug. 10-12); the radiant moves from about 
2 +4) to 68" +61" (Androm, toCamelop.). * Tho Leonids, or November meteors, are seen at their best about every 33 years: 
plentiful in 1799, 1823, and 1866, but the 1900 display was not brilliant owing to the disturbance of their orbit by Jupiter. 

*Long paths, before sunrise; Halley's comet. 4 Pona-Winnecke's comet, #Comet 1881. ® Bieln'a comet. 


R.A. Hours & Minutes converted into Degrees, or vice versa; 1 min. = +, (Reads continuously across page), 
on|Om. 4m. 8m. 10m, 12m. 15m. 16m. 20m. 24m. 28m) 24 (80m. 92m. 36m. 40m. 44m. 45m. 48m. 50m. 52m. 56-11. tere. 
O) ww) Lo) 2) Be) |) oy a) 8) ye) Ohl Th) Bt y Ot | 10") 1" 208" | 18" |e) 98") 1" 
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Observing Aurora (see also p. 38). Those in favourable latitudes should watch during the more active portion 
of the sunspot period, or when there is considerable solar activity, especially near the equinoxes, 

Ares wod Bands stretch across the sky, and may have cunsiderable persistence; the latter appear like portions 
of ares. ays or streamers seem to flicker, and are more or less radial to the band or arc; Seams are long bright 
rays, of exquisite green or red, like search-lights, Curtatms have curious convolutions, and are more or less parallel 
to the horizon, the lower edge being most continuous, Patches are isolated oval or globular arcaa resembling faint but 
quite transparent clouds; Dijfwse Aurore are large areas, often coloured, with no definite outline. Coron, rare, but 
exceedingly fine, are large starfish-shaped ovals, with dark centre, from which bright narrow flickering Saaaiie may ex- 
tend to the horizon. The Dark Segment is the gloomy portion of the sky bencath the arch or streamers, in which the 
stars may be hardly or not at all visible. Various types may be seen during o display, 

In N. temperate latitudes, the centre of disturbance is in w northerly direction—not necessarily in the direction 
of the magnetic pole, as is often supposed; a patch, arc, or corona may be overhead, or even south of it, Rays often 
appear to flash or flicker, and in ares and bands a flickering from side to aide is sometimes seen—not always in the same 
direction—and portions may suddenly brighten up and become centres from which the disturbances appear to travel, 

The chief points to notice are the type, colour, brightness aa compared with the Milley Way, height of lower edge 
above the horizon, and width; direction of the centre of the disturbance (allow for ‘macnetic variation’ of the oom pss), 
and times of the various phases. Also note the barometer and thermometer readings, and direction and force of the wind. 

The angular breadth and length of persistent arcs, bands, and patelies, should be carefully gauged by reference 
to the distance between neighbouring stars; also the angular distance, from well-known stara, of the upper and lower 
edges, The notes should be repeated ot intervals, the times being carefully noted, as the height and distance of the 
aurora might be calculated from simultaneous observations {send notes to the B.A.A., Aurore Section, London). 


VII. THE CARE AND USE OF THE TELESCOPE, 
Astronomical Telescopes ore of two kinds—refracting and reflecting. Both varieties are rated sccording to their 
‘aperture,’ as the clear diameter of the large lens in refracting telescopes, or of the mirror in reflecting telescopes, is called, 

The larger the aperture, the more powerful the telescope in ‘light-gathering’ power, i,¢,, in rendering visible faint 
objects; and, as this power (theoretically) increases in proportion to the square of the diameter, a telescope of 3 inches 
aperture is twice as powerful as one of 2 inches, while a 4-inch has nearly twice the power of a d-inch, or four times 
that of a 2-inch (actual ratios, 4,9,16), In refractors, however, the theoretical power falls off rapidly with increasing 
diameter, the ever-thickening object-glass absorbing more and more light, though reflectors under 10ins. are not quite 
so powerful as refractors of equal size, For astronomical purposes, a 3-inch telescope is about the smallest that can be 
used with satisfaction, though pleasing views of many objects may be obtained with smaller telescopes of good quality, 

Diam. Object Glass (clear aperture) lin. bin. in, Qhin. Sin. 3hin, 4in. 4hin. Bin. Gin. Bin. 10in, 12in. 

Closest star dided fappros,) 456" 20d" 228" pag" 12 ban’ bia" bol” ofl" Oye" 57" O46" O35" 

Faintestatar shown f . Jmag 0 99 10h 110 Il 17 120 128 125 129 135 140 lag 

THE REFRACTOR essentially consists of two convex lenses—(i) a large one of considerable focal length, known 
as the object glass, which forms at ite focus an image of the distant star or other object, and (ii) a small lens.of much 
shorter focal length; this is called the eye-piece, and is used to magnify the image formed by the object glass, 

The Object Glass is the most important part of the refractor, as ita excellence depends on the accuracy of the 
curves of the lenges, the highness of their polish, and their transparency, In all astronomical telescopes worthy of 
the name, the object glass is ‘achromatic’; that is to say, it is composed of two (sometimes three) lensea of equal siza, 
but made of glasses of different density. These are so proportioned as to form an image almost free from the false 
colours which are inevitably present when a bright object is viewed through an object glass consisting of a single lens. 
A good object glass requires to be treated with the most scrupulous care. Follow carefully the notes on p. 49. 

THE REFLECTOR.—lI[n this form of telescope a large, concave, parabolic-curved mirror takes the place of the 
object glass of the refractor, The large mirror is held in » cell at the lower end of the large tube, The rays of light 
from the object pass down the tube and are reflected back. The reflected, convergent rays are intercepted— 

(1) In the ‘Newtonian’ form of telescope, either by a emall, elliptical, plane mirror (! flat"), or by a right-angled 

totally-reflecting prism, which reflects them at right angles through the side of the telescope to the eye-piece, 

(2) In the ‘Cassegrainian’ form, by & small convex mirror, which reflects them back again, through a hole in the 

centre of the large mirror to the eyepiece; or (3) in the ‘Gregorian’ form, by a small concave mirror. 
_ whe Newtonian and Cassegrainian forma, like refractora, give an inverted image; the Gregorian, an eree? image, 
| Cassegrainian form gives-a greater focal length and larger image than Newtonians of the same aperture and length, 
but: tte field:of view-is smaller and thei image fainter. Great telescopes are sometimes designed to use both forms. 
Mirrors are usnall y made of glass, on which a film of silver is deposited chemically ; this is very easily tarnished (p49), and 
vaporized aluminium is now often used, which is about.as efficient as fresh silver, laste years with little deterioration, and reflects 
the tltra-violet rays and blue end of the spectrum better—of great advantage photographically—but the red and infra-red rays 
loss @fficiently, Stainless steel mirrors last well, but only give 65% efficiency, compared with the 90% average of fresh silver. 
An omailvered. glass mirror and ‘dat t_wehigh reduce the sunlight and hast reflected by some $0" ‘enable solar observations 
te be made with fairly large apertures, giving improved definition ; ao dark glass or solar eyepiece, howerer, is etill neceszary, 
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Eye-pieces. —These are used to magnify the image formed by the object-glass or the large mirror, For very high 
powers, and in special cases, a single lens is sometimes used to minimise loss of light, but generally an eye-piece 
consists of two lenses—a /ield fens, furthest from the eve; and an £ye« dene, nearest the eye. These are mounted in 
a short tube which serews or, preferably, slips into the focussing-tube of the telescope, 

Positive and Negative Eye-pieces. —Evye-pieces are of two types :-—/(a) Positive, in which the image-plane is 
outside the eye-piece—between it and the object-glass or mirror—so that it can be used with a micrometer. (4) Vegative, 
which cannot be employed with a micrometer, as the image-plane hes inside the eye-piece. 

Inverted Image,—All astronomical eye-pieces show the object inverted (unless used with Gregorians}, but this 
ia of no disadvantage in practice, To make the object appear right way up requires additional lenses, or prisms, which 
absorb light, making the image fainter with no compensating gain, Among many ¥arieties of eye-pieces are the:— 

Huygenian eye-piece (negative,—The most common form, two plano-convex lenses having ther fat surfaces towards the 

eye. Note that, though negative, fine cross-wires can be inserted on ita diaphragm, at the focus of the eye lone, for ase in 
a “finder” (p46), or for “guiding” in celestial photography—nusing cement, or threading through smal! holes, 

Ramsden eye-piece (positive).—Two piano-convex lenses with their plane faces outward. Field of view “flatter” than that 

of the Huygenian, @., not se blurred round the edges when the centre is sharply focussed. Performs well on planets. 

Tolles Solid Ocular (negative) is practically a Huygenian eye-piece made out of a single glass cylinder, the fori of its 

curved anda falling inside it. Tranamits more light than the Huygenian, and gives very good definition whe well made, 

Orthoscopic eye-piece (positive) contains « triple field lens and a simple eve lens. It yields o flat field free from distortion, 

and is specially recommended for medium and high pewers. (‘Orthoacopic’ means giving a correct Image, } 

Kellner oye-piece (positive), A convex or planco-convex field lons with a much «maller over-corrected plano-convex achro- 

matic eye lens. Field very large, colourless, and ‘orthoacopic’; iow powers are suitable for comets and ecatterod objects, 
| Monocentric eye-piere (positive)—A triple commented lena, particularly recommended for the critical study of lunar and 
planetary detail, as it gives exquisite definition, and freedom from * ghosts’ ; ith amoall field is its weak point, 

Barlow Lens,—A concave or concaye-meniscus lens of about 3 inches beanere focal length, mounted in a short tube—made 

a sliding fit—inside the eye-piece draw-tube, and placed bebind the object-glass or mirror, 4or 5 ing, from the eye-piece. 
Tt increases considerah Ly the foo! length af the object-glass or murror, giving an image of double the size, more-or less, 

pocarding to ita distance from the eye-piece. This + dluable deviee, at the cost of a slight loss of light, and a tendency to form 

‘chosts,' gives a fatter field and an inerense of the powers of all evye-pieces naed, thus doubling the set at small expense. 

The magnifying POWerP of a telescope depends entirely upon the ratio of the focal length Uf.) of the object- 

glass to that of the eye-piece (7 .), the formula being f+ J,; thus, with an object-glass of 36 inches focal length, and 

L Th aye-piece having o focal length of 4 inch, the inagnifying power will be 72 diameters, or power 72" agit is termed. 

Note that, as the power is increased: (a) the image peta fainter, and the area included less; (6) stars pasa more quickly 

| across the field; and (c) the atmospheric disturbances are also magnilied, as well as any vibrations of the stand or ground, 
It is advisable to have at least three eye-pieces of different power :— 

(1). One of low power with « lance “fleld,” (that ia, ahowing # considerable area of the aky), for viewing comets, large and 
acattored clusters, and extended nebulme, magnifying 4 or 10 times por inch of aperture. Thus, on a din. telescope 
the power may be from 25 to $0, or fora 4-inch, 22 tod0. For average eyes, aperture x 4 gives fowest usefal power. 

(2), One of moderate power, magnifying 25 or d) times to each inch of aperture = 74-100 for a d-inch, 100-120 for # 4-imch, 

(3. One of high power, magnifying 50 or 60 times to each inch of aperture =l50-180 ,, » 2-0 

When experience has been gained, the observer may sometimes use eye-pieces of still higher powers—the extreme 
limit of usefal power being about 100 diameters per inch of aperture—but, as a rule, to advantage only on close double 
stars, when the telescope is of fine quality, and atmospheric conditions most favourable, Such nights are very rare, 

To find Focal Lengths.—i«) Gbject-plaas or Mirror, Remove the eye-piece and stretch a piece of sémi-tranaparent 
paper over the end of the draw-tube. Point the telescope at the Moon, and focus her image on the paper sereen ; the 
measured distance between the back of the object-ginss and the screen—in Newtonians, between the centres of the 
surfaces of the large mirror and flat, and thence to the sereen—is, for practical purposes; the focal length required. 

(b) Muygentan Eie-piece.—Divide twice the product of the focal lengths of the two lensea by the gum of their 
focal lengths; the quotient is the focal length of an equivalent single lens,” 

To find the Power of an Eye-piece.—Make a scale with plainly-marked equal divisions, Set this up at a 
considerable distance away, and, holding both eyes open, view the seale through the telescope with one eye and 
directly with the other. The number of divisions on the scale, covered by the magnified image of one of them, is 
equal to the magnifying power of the eye-piece used, For low powers, a distant brick wall will serve asa scale, 

Another method, wpe the telescope on astar, Next morning, without altering the focus, paint the telescope 
to the bright sky. When the eye 15 placed about 10 inches behind the eye-piece, there will be seen a small, clearly- 
defined dise of light. Messure the diameter of this disc by means of a Berthon Dynamometer (see p. 47) placed 
against the eve-piece—a pocket lens, of low power, should be used as an aid im doing this. The magnifying power of 
the eye-piece is found by dividing the clear diameter of the object glass by the measured diameter of the bright i image, 

To find the Diameter of the Field of an eye-piece, observe haw lung a star situated near the equator (for 
instance, 6 Orionis, or » Virginis) takes to pass centrally across the field from one side to the other, This time, expressed 
in minutes and seconds, when multiplied by 15, will give the diameter of the ran in minutes and seconds of are, 

or reat a mae re att As eh oe 
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TESTS. 

The actual performance of a telescope on @ celestial object 18 the only really satisfactory nash Seen through | 
telescope bearing its highest power, fixed star of the second magnitude should appear as a minute, well-defined, 
circular dise of light, almost a point, and surrounded by one or two thin, concentric, bright rings. There should be 
no falae rays of light, and the rest of the field should be uniformly dark. The telescope should not, however, be con- 
demned too hastily, as an inferior eye-piece, or the state of the air (see p, 39), may be responsible for apparent defects 
in the object glass. A close double star with very unequal components forms a moat severe test. A telescope of the 
fineat quality should separate a double, consisting of two 6th magnitude stare, whose distance from centre te centre in 
seconds of are is equal to 4°56 divided by the aperture expressed in inches. (see Table p. 44). 


ACCESSORIES. 
Stands.—Much depends upon the rigidity of the telescope stand, and good observations must not be expected 
from the open window of an ordinary room, as the vibration of the floor, and the mixed currenta of air, set the 


Ee object being viewed dancing, For small telescopes, the ordinary, alt-azimuth, tripod 


garden stand ia most convenient. An iron pipe of about 4 inches diameter, partly 
sunk in the ground, and rammed full of clay to deaden vibration, forms a good support 
for a telescope of moderate size. 

The Equatorial Stand is of enormous advantage, but is rather expensive. It has 
one of the pivota, or axes, which carries the telescope, directed towards the celestial pole, 
(being adjustable for latitude), The result is that a star may be followed by a single 
circular movement of the telescope, instead of the instrument having to be moved both 
in altitude and azimuth. A make-shift is to screw to the stand top a wooden block cut 

off at an angle, as shown in the illustration (A), and which has a V-groove, with sides at 
an ancle of 60°, cut along the inclined face, for receiving the pillar, The claw legs of the 
stand, folded up, will act asa counterpoise, and two or three screw clamps will keep the 
pillar firm. A piece of hard wood (not shown in the illustration), also V-grooved, should 
| be interposed between the point of the screws and the pillar, to prevent damage when 
, tightening up the screws. A somewhat simpler construction is to hinge this upper block 
‘ at one side to the lower block, and pass the acrews through both blocks at the other 

iH WN side, as shown in the illustration at (B). 

The angle of the sloping top, from the vertical, must be the latitude of the observer subtracted from 90°. Thus, 
for latitude 62° it will be 90°-652° =5n". 


Finder.—A finder is a small telescope fixed by supports to the body of the larger instrument, When high 
powers are used, this adjunct is m necessity, and in all cases it adds much to the comfort of observing. The finder 
may be roughly adjusted by day on « distant weather-cock or some other definite object. To improve the adjustment, 
bring the polar star into the centre of the field of a low power eye-piece on the large telescope; then alter the direc- 
tion of the finder, by means of the adjusting screws, until the star image is in the centre of the field of the telescope, 
and also bisected by the cross wires of the finder at the same moment, Now replace the low-power eye-piece by one 
of high power, and perfect the adjustments in the same way. For small telescopes up to d-inch, ‘sights’ similar to 
those on rifles can be arranged (painted white), which will be found of some service. 

Dew-cap.—To guard against the deposition of dew on the object glass, make a tube of tin, cardboard, or some 
auch material, about 9 inches or 1 foot long, and of such a diameter as to fit closely, but not too tightly, on to the 
object glass end of the tube, The inside of the dew-cap should be covered with black velvet, or painted with a 
mixture of lamp-black and size. Black blotting paper is aleo anitntla, 


Star Diagonal —An L-shaped tube containing « right-angled totally-reflecting prism. One end of the fitting 
screws into the focussing-tube of the refractor, while the other end is screwed 10 receive on ordinary eyepiece, Its use 
prevents awkward positions of the body when viewing objucts at high altitudes, but results in some loss of light and 
definition. A special diagonal is made for the Sun, which only requires a light shade glass (see note on p, 49), 
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Berthon'’s Dynamometer (or measuring gauge) is a little instrument used for measuring the diameters of 
small objects, It has two flat metal sides, the internal straight edges of which meet towards the end, and are imelined 
to dach other at a small angle. One of the edges is graduated from 0 to zy of an inch, The figures on the seals 
denote the width of the gap between the twostraight 


na 


edges, To measure the diameter of any small object [) 1 ea, 2 ee | 
by means of this little appliance, it is only necessary Fl ¢_ wheal estatatatt vteetelatie it is YEU LATA anislyaolenylneiensiten wr. 


to see at what part of the scale the object just fills —— 
Te ede . , . HORNE &THORNTHWAITE =f) 
the space between the internal edges of the gauge, in BenTHONS Dynamoneten, LONDON ie , 
and then take the reading from the scale. The ™ — ——— 
scale is divided into 20 long divisions of “Ol or 1/lO00tha of an inch. These are subdivided into five parts, each equal to 
O02o0r 1/500ths ofaninch. The first two long divisions are again divided into parts equal to ‘001 or 1/1000ths of an inch, 
Telescope House.—< tall folding clothes-horse, with a sheet fixed to it, and stayed by tent-ropes, forms a fair 
substitute, which will, to some extent, shield the telescope from vibration by the wind, und add to the observer's comfort. 


TO CONSTRUCT A SIMPLE EQUATORIAL OR ALT-AZIMUTH STAND. 
By following the directions and studying the diagrams given, any handy amateur, with the aid of a few simple tools, 
will be able at a very low cost to construct on efficient equatorial or alt-azimuth stand for a d-inch or smaller refract- 
ing telescope. If made ona larger scale and of considerably thicker materials, the equatorial head here described, 
mounted on short, strong, fixed legs, would do equally well for a reflecting telescope of moderate size, 

The Legs.—Take 3 deal boards about 6 to 6) feet long, 4 inches wide, and Linch thick, Mark a point 2 inches 
from an edge at one end of the board and another point 3 inches from the same edge at the other end. Join the 
points found with @ straight line and saw along it. This will divide the board into two equal fat pieces, each | inch 
thick, and tapering from 3 to 2 inches in with. These two pieces are joined together at distances of | inch and 
9 inches from the narrow bottom end by 1j-inch screws (No, 9 or No. 10, about, inch diameter), Tae two laths 
are kept apart by blocks of hardwood cut from a piece having a 2 inch square section, and held in place by screws, 
Thus the leg is formed as shown in Fig. 1, which is on a seale three times less than that of Figs. 3,3 and 4. The 
lath should not be sorewed together until the brass plates mentioned later on have been fitted. A metal plate (p) 
sawn or filed to a blunt point, may be screwed to the inner side of the foot, with the point projecting. 

The Top of the Stand.—This 1s best made from an iron casting, for which a wooden pattern will be required, 
The pattern is made of inch mahogany fretwood, cut to the shape shewn in Fig. 2, and strengthened by having 
a 4-inch bevelled disc of the same material glued and servawed on to it, 90 that the central part is 4 inch thick. Each 
of the three projecting parts of the casting is One Foot 
either drilled with two 41-inch holes, each Linch 
distant from the S-inch edge, to receive 4-inch 
bolts, or, a8 an alternative, ~.-inch holes may 
be drilled, and tapped Linch Whitworth to 
receive metal screws. A s-inech hole is drilled 
through the exact centre of the disc. Instead 
of the casting, » piece of tough, hardwood, 
such as beech, cut to the same shape, but at 
least I4-inches thick, may be used. 

The Leg Pivots.—Cut a 12-inch length 
of d-inch aquere brass bar into three equal pieces. 

In a lathe, turn half-an-inch at each end into 
a blunted cone (C, Fig. 2), the small outer end 
being §-inch in diameter, If no lathe, file the 
ends to the same shape as carefully as possible, 
These bars are now drilled with }-inch holes to 
correspond to the holes in the top, and are then 
screwed or bolted tothe underside of the iron top. 

The Hinge Plates.—To the top inner side, and towards the back of each of the laths forming the legs, is seas 
screwed a flat, brass plate, 4 inches long, 1 inch wide and ¥,-inch thick (Fig. 2, F, and side view), The plate is flush 
with the top of the leg, which is rounded off at the outer top corner, and haa in it near the top a }-inch hole slightly 
eniarged, and coned to fit over the conical pins at C. Bisa }-inch bolt 6} inches long, having a nut, bearing on 
a washer, which out on being screwed up makes the hinge firm, and adjustable for wear, 
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The Equatorial Head (Fig. 3).—For this some pieces of oul or strong hardwood a full inch thick are required. 
The base is circular, and has, centrally fixed by serews in a recess in the bottom, a plate with a g-inch Whitworth 
tapped hole, to receive a screw which clumps the head to the stand, ‘This plate might be fixed in a recess on the 
upper side of the round base before the angle piece next referred to is fixed in position. 

Fixed to the base is the trapezoid or angle piece of 1-inch wood (T). Strong glue and 24-inch No, 12 screws should 
be used for fixing the parts. The top of this piece must be cut off at such a slope that the angle which it makes with the 
base is equal to the latitude of the place where the stand is to be used. A piece of wood 8 in. x 3 in. x 1 in. is screwed 
to the top of the trapezoid piece, and the whole ia strengthened by adding the side pieces (R) which are 1 inch square. 

The Polar Axis (P) is made of bright mild steel round rod, 9-inch in diameter and 114 inches long. This steel 
is easily obtainable at large tool and material stores. The upper end of the polar axis (P) is driven into a rather 
smaller hole in the block (¥) which is of hardwood 6 inches long by 2 inches square, Care must be taken to make 
this hole at right angles to the block. A d-inch hole is drilled through block and axis, and a bolt inserted. 

The Bearings (x, x) may be simply holes (j-inch) in the hardwood blocks, with a simple split arrangement for 
taking up wear; but if i more satisfactory to enlarge and square (slightly undercutting) the greater part of each hole, 
and, with the axis in place, to pour in melted tin or pips composition (lead and tin) to form more durable bearings. 
Before pouring the lead, coat the axis with a mixture of black lead and water and allow it todry. If, when all is 
cold, the axis cannot be twisted round, when oiled, it should be gant/y hammered endways with a mallet, If there is 
still trouble, cut with an old saw along the dotted line (Fig. 4), through wood and bearing-metal down to the axis. 
The upper halves of the split bearings can then be held in place by screws, Similarly for the bearings iy, ¥h 

The Declination Axis (D), another } inch steel rod, about 14 inches long, is fixed, like the polar axis, at right 
angles inan 8 inches long, 2 inches square block, grooved for its whole length on one side to receive the telescope main 
tube (A). The telescope is fixed to the block by means of leather straps or thin metal bands. Thin j-inch metal 
washers are placed between tha blocks and the upper bearings of both axes. The balance-weight or counterpotse (w) 
is formed ofa small round tin filled with lead, in which a piece of tube that just slides over the axis has been centrally 
fixed befora the molten lead ia poured in, The weight is so adjusted that it will counteract any tendency of the 
telescope to swing round by its own weight on the polar axis. It would be quite possible to fit graduated circles to 
this simple head. Celluloid circles can be obtained cheaply, and could be mounted on wooden discs of the same size 
—an addition which, with a carefully adjusted stand, will make possible the finding of Mercury and Venus in bright 
daylight and of stars by night from the places given in catalogues, Tut, even without circles, the advantage of being 
alle to watch a star by only one-movement will be found to be a great one. 

Alt-azimuth Head.—For this only the parts A, D, Y, W (Fig. 3) are required, The polar axis P is replaced 
by a g-inch bolt which passes vertically and without shake through the central hole in the matal top of the tripod. 
A flat brass plate is screwed to, and protects from wear, the lower side of the block Y, which rests horizontally upon, 
and can be turned in azimuth about, the metal top. Turn or scrape the top flat, and grease with vaseline. 

Adjusting the Equatorial Stand.—The completed stand is set up so that the top of the stand is level, with 
one of the legs of the tripod placed towards the south, and with the legs set well apart. Three strong cords of equal 
length should be made taut, one end of each to a central ring and the other end to a screw ring, fixed in the central 
eross-piece of each leg; this is a precaution against a possible accident. 

The telescope tube is next set-as nearly os possible parallel to the polar axis, and then, having slightly loosened 
the clamping screw, it will be sufficient, if no graduated circles are used, to gradually turn the equatorial head till 
(in the Northern Hemisphore) the Pole Star is seen in the field of view. The head is then clamped. Any slight 
Adjustment in latitude required may be made by moving the southern leg of the tripod either inwards or outwards, 

An alternative to the cords, which also renders the stand more rigid, is the addition of three 
stretcher bars, each made of two parallel metal strips, fixed ¢-inch apart, and riveted to a short 
cross-piece at one end, and to the flap of a firm hinge at the other. The other hinge-flap is screwed 
to the central cross-piece of the leg, as shown in the illustration, A Sinch bolt with a wing nut ic) 
passes through the three slots, and clamps the bars together. 

When graduated circles are fitted, a more accurate adjustment of the equatoria) head is 
necessary, if it is to be of practical use, With a movable stand it is well to have some means of 





replacing it in the same position when once it has been carefully adjusted, or much valuable time may be lost in re- 
adjusting it each night. Three stone slaha, or concrete blocks, having central gun-metal or brass plugs inserted, are 
set in the ground at the corners of an equilateral triangle equal in size to the most convenient leg base, Each metal 
plug has a hole or recess in the top, in which rests the previously-mentioned metal spike attached to the lower end af 
the log. The adjustment of the head proper may be effected by means of thin wedges under the head, or, better, by 
three screws passing through the metal top of the tripod and bearing on the under side of the base of the head, which 
should be protected by a circular metal plate that resta on the points of the adjusting screws. 





EQUATORIAL STAND. 3 


The true N. pole, towards which the polar axis should be directed as nearly as possible, lies about 1” (two Moon 
breadths) distant from Polaris, and very nearly on the straight line joining Polaris and » Ures Majoris—the Inet star 
in the tail of the Great Bear. Tf the time is chosen when the Pole star transits above or below the pole (see V_A.), 
and the telescope (set as before, parallel to the polar axis) is directed towards the Pole star, so that it appears in the 
centre of the field of view, then a lowering or a raising of the axis through 1°, by means of the southern adjusting 
screw, will make the adjustment sufficiently accurate for finding an object when using an eye-piece of low power, 


HINTS ON CLEANING. 
Refracting Telescope.—A good object glass is 96 delicately figured that it should be cleaned as rarely and 
carefully as possible, for fear of affecting the accuracy of ita form. (Se balow, “Cleaning.") 
The lenses should never be taken out of their cell by an inexperienced person. 
The object glass should be held in its cell with just sufficient “olay for a slicht rattle to be heard when it is 
gently shaken. If screwed up tightly, it causes strains in the glass which mar the perfect detinition. 


Reflecting Telescope.—The silvered mirror requires to be kept with very special care, as the silver is exceed- 
ingly liable to tarnish, especially in or near large towns, from the sulphurous fumes in the air. The owner of a 
reflecting telescope should, therefore, procure and study the “Hints on Reflectors,” which have been published by 
several of the leading makers of these instrumenta. 

A slight stain causes merely an inconsidernble loss of light, but, if badly tarnished, the mirror must be re-silvered, 
his process may be successfully accomplished by the amateur, with little difficulty, and at no great expense, if ha 
carefully follows the directions given in the books just referred to, and uses pure chemicals. 


Care of the Telescope.—Before removing the telescope after the night's work, cover the object glass or mirror 
with the metal cap provided for that purpose. 

Never take the instrument from the cold outer air into a warm room, or the object glass will become dewed, 
If this should happen, the object glass must not be left in that state; but it should be placed in a warm room, at a 
safe distance from a fire, until the moisture has vanished. Any stains leit on the glass muat be removed by gentle 
polishing. Never wipe an object glass when it is damp, 


Cleaning the Lenses.—When it becomes necessary to clean these, any dust should first be removed by means of 
a camel s-hatr brush Then the lens should be wiped very gently with a piece of very fine and clean wash-leather or silk, 

When not in use, all brushes and materials employed for this purpose should be carefully protected from dust 
by keeping them in clean stoppered bottles or hir-light oases, 


Solar Eye-pleees.—The use of a ailvered or deeply-coloured Barlow lens with wn ordinary eve-piece is a simple and effective 
way of reducing the Sun's light and heat. The chief objection to the silvered lena is that the lm ia so tasty soritched, A Eyed ecelee 
diagonal (Sir J. Herschel's), in which only about @pth of the Sun's light is reflected from the first surface of a narrow prism, is procur- 
able. With this, the addition ofa light shade-glasa is necessary. See illustration in Proctor’s Hatf-Houre with the Telescope, new edn. 

Helioacopes, or Helingcope eye-picecs, depending upon polarization, reduce the Sun's light sufiicientiy to enable a dark-glass 
0 be dispensed with, but they are somewhat complicated and expensive applinnces. 

Spectroseopes.—Small instruments for viewing stellar spectra can be had at a compiratively low price; thease screw 
on to or fit in the eve-piece tube, Those for Viewing prominences, however, are much more expensive, as the dispersion required 
is considerabln, and prices are of the order of £7 Bako upwards, Tt would be a erent boon to amateur astronomers if some 
enterprising optician could bring out « satisfactory instrument for half that sum, or less, 

astronomieal Photography.—Anyone possessing an equatorial telescope with a alow worm-wheel motion on the polar axia, 
can take good stellar (ur cometary) negatives in a box camera attached to the tube of the telescope, using ordinary photographic 
lenses of 96 or greater aperture, which should be carefully focussed by trin! expostires ; a driving clock is not essential, though 
advantageous. The telescope serves aa a ‘enidor,’a star being kept steadily on croas-wires in the evepioce ; these wires can easily 
be added to a positive eyepiece by anyone accustomed to use tools, Exposures are rather lengthy, from some twenty mimites. 
upwards—to hours for faint stars—and require pationce. 

Moat refractors are not very suitable for taking photographs of the Sun and Moon in the telescope itself, without an eyepiece, 
as they do not bring the actinic and visual rays to the same focus, and the sharpest position has to be found by trial and error. 
Reflectors are free from this disadvantage, also ‘phote-visual' refractors; but the latter are expensive, The Moon can be 
taken by a fixed telescope, of ordinary focal length, in abont f-second, bat the image ja small—in a 23-inch, only }-inch. diameter, 

Those desirous of taking up this pursuit should procure ‘ Astronomical Photography,’ by Mr H. A. Waters, FLR.AS.—a little 
book which gives: all needed information on the subject of apparatus, adjustment, exposure, do, 

A Celestial Globe, adjustable for latitude, fe useful for finding the direction and altitude of Mercury, ors comet, in twilight, 
also the path of the Zodiacal Light. The stars are reversed as regards left and right on the globe, because we view the star 
sphere from the inside, and the globe ia viewed from the outside. 




















ADJUSTMENTS OF A NEWTONIAN REFLECTOR. 
Tue elliptical flat mirror, mounted ina short metal tube eut olf at an angle of 45° with its axis, is sometimes 
supported in the centre of the main tube and towards the upper end of it, by a single radial arm fixed to the inside 
of the tu bie, Mare usually the support eqnsists wit three, sometimes four, steel strips or apring temper fitted with 
sorewed ends that pass through holes in the main tube, outside which they are held firmly by means of nuts. With 
the aid of compasses or a-scaled ruler set the centre of the flat mounting exactly in the centre of the tube, if it is 
not already so placed. 

Whea the flat has been centred, its inclination must be adjusted so as to reflect a ray of light passing along the 
axis of the main tube along the axis of the eyepiece focussing tube. This must be done by means of the adjusting 
screws fitted to the flat mount. Sometimes these are three in number, but a better arrangement is a hinged flat 
mount with a single angle-adjusting screw with a knurled head, and an axial screwed pin enabling the fiat to be 
partly rotated and clamped in position by means of a heavy knurled nut, 

A brass dise-fitting, with a central hole about <4,in. in diameter, is screwed or slid into the eyepiece draw-tube 
in place of the eyepiece, A special fitting, though convenient, is not indispensable, since the front part of the mount 
of an eyepiece of high power, with the lenses removed, will do well as a substitute. On looking through this hole, 
there will be seen the circular end of the eyepiece tube and within it the flat with an apparently circular outline, 
Tf the flat is upproximately adjusted there will appear, within the circle of the flat, the circular outline of the mirror 
and its cell Asa help to the eye, the large mirror may be covered with a white circular card of the same size aa 
the mirror. Then, by means of the flat adjusting screws, gradually tilt the flat until the outline of the mirror (or 
cardboard disc) is concentric with the eyepiece-tube circle. Tt may be necessary to move the base of the focussing- 
tube mount slightly up or down the main tube to perfect this adjustment, Remove the card and there will be seen 
a circular dark spot, the image of the flat, If this ia not exactly in the centre of the bright mirror image, it must be 
brought to that position by means of the three adjusting screws at the base of the large mirror cell. Zhe dark spot 
ta enlone ya mowl d@iatered from tae deeds wae Ley acrene thet wast be 
turned in. Thus, in Fig, 1, the serew whose position is in- 
dicated by the head of the arrow must be turned in to bring 
the dark spot to the centre. The same result m achieved by 
turning the two other screws equally outwards, The circular 
outline of the flat itself should not be exactly concentric with 
the eyepiece tube and mirror circles, but sughtly displaced 
towards the upper end of the tube, as shewn in Fig. 2 where 
all ig in perfect adjustment. EE, the outermost circle representa the far end of the eyepiece tube ; T part of the 
tube which holds the fat; FF the flat itself; MM the bright image of the large mirror; I the dark central image of 
the flat, and § the images of the four spring supports of the flat mount, 

Fig. 3 shows the appearance of a moderately bright star in a good teleseope, when the air is steady and the 
instrument correctly adjusted and carefully focussed—a bright round spot surrounded by two or three concentric 
rings of light, It is impossible to portray nccorately the extreme delicacy of these diffraction rings as they appear 
on the best observing nights. 





EQUATORIAL ADJUSTMENTS. 
Ir ia infeasible here to give full directions for the accurate adjustment of an equatorial, Such instructions are 
given in Horne and Thornthwaite’s “ Hints on Reflecting and Kefracting Telescopes,” and in Chambers’ “Handbook 
of Deseriptive and Practical Astronomy,” Vol, IT. (Clarendon Press, 1890). The chief adjustments are — 

l, Adjust the wernier-index of the declination are, The equatorial being placed in nearly ite correct position, read the 
declination of a star brought to the centre of the field when near ite southing with the circle facing E. Repeat with the cirele 
facing W. If the two readings ogree, the vernier position ia correct; if they are not the same, move the vernier half the 
difference between them, Other adjustments having been completed, the declination vernir will indieate O° when the teleacopea 
points to the equator. 

2 Adjust the polar aria fo the altibeds of the Pole, Read the declination of a-star which Is on, or nearly on the meridian, 
and also near the zenith. Compare the reading with the declination of the star a4 given in the Nautical or Whitaker's Almanac, 
If the amounts differ, set the cirole to the correct reading, and bring the star to the centre of the field by means of the base 
adjusting screw (3! in the drawing on page 51). 

3 Piace the polar aria in the meridian, Point the telescope toa known stor about 6 hours from the meridian, either 
E er W, of it, bat as distant as possible from both Pole and horizon, If the star is E. and ita declination as shown on the 
declination circle exceeds that given in the catalogue, the lower end of the polar axis ia W. of ita right piace and must be moved, 
A horizontal or azimuth movement given to the equatorial head to correct the declination correcta also the meridian postion 

Other adjustments necessary are :— 

4. Set tha option! are of the telescope af right angles to the declination aria, 

B. The polar and declination eres yurat be set ad right angie, 

6 The index of the Aour circle mut pornt fo O8 when the telescope ia in the meridicn and the declination axis horizontal, 


EQUATORIAL HEAD. 
Tak section drawing representa an equatorial head designed and made by the author, Tt is suitable for a 4 neh o 
smaller refractor, It was built up of iron and gunmetal castings from simple wood patterns, and a Sia me tee] 


and pene mea, All the work required is within the capacity of a dd-in. centre foot lathe, with the odditine ak 
a ningis division plate and cutter for the teeth of the R.A. circle, and a circular protractor for the marking of the 
divisions on the circles; 

A. Part of the driving-rod with universal joint U at the upper end, connecting with the worm screw. and 

a handle (mot shewn} at the Jower end, F 

B, fronmetal coned bearings of the polar axis, 

Q, Declination circle. 

DD. Declination axis, 

E. Arm serewed to the polar axis tubeand adjustable 

for any Intitude, 
F, One of two side plates screwed to the hase and be- 

tween which E is held by a 4-in. bolt and nut I. 

Lever of cam, When pulled down it puts the 
worm into gear with the fixed toothed ring JJ, 

Kourled heat to turn « pinion engaging with a 
eirele of teeth cut on the inner side of the R.A, 
ring E. 

Bolt passing through a hole in the base, slotted to 
allow for o slight movement in azimuth, 

Behind L is a central vertical pin (4-in, in dim- 
meter) about which the whole head can be turned, 

One of two push serews for exact meridian setting, 

Kourled declination clamp nut, 

Polar axta. 

Right Ascension Ring, marked from Oh. to 24h., 
from west to east round by south, 

Adjusting screw for the slow adjustment of the 
tilt of the polar axis. 

One of the two other bage screws. 

Main tube of the telescope, 

Devlination Vernier on arm with adjusting push serews at the lower end. 

VV", HOA, Vernier, fixed, for time. 

V8 HLA. Vernier, moving, for R.A. of object, 

WW, Counterpoise weights with set collars. 

No slow motion in Declination is shewn, but one ia a creat convenience and could easily be added to the head. 
For convenience of representation V* is shown at right angles to its correct position. It may be rotated about the 
turned end of the polar axis tube, and clamped in position by the screw X, . 

A large-faced watch or an ordinary spring clock, regulated to keep sidereal time, with an inner circle of figures, 
AHI to AXATV added to the face, is a most usefal, indeed almost indispensable adjunct, This may be set correctly 
to sidereal time each day by means of the wireless time signal. The sidereal time for the previous midnight can be 
obtained from Whitaker's or the Nautical Almanac, and to this 12 1™ 58 {say 125 2™) must be added si get the 
sidereal time at noon, 

The method of finding o celestial object with an equatorial of this type is simple, (1) Move the telescope ao 
that the declination vernier (V!'} indicates the declination of the object a8 given in the catalogue, Clamp in declina- 
tion. (2) By meang of the knurled head (K) turn the R.A. ring till the R.A. of the object is shewn by the lower 
or moving vernier (V*), (3) Turn the telescope till the sidereal time as read from the clock is shewn also by the 
upper fixed vernier (V*). 

If a low or medium power is used and the head isin correct adjustment, the object should be in the field of view, 
The lever (H) is then pulled down, and the object can be followed by slowly turning the driving rod (A), 

If the object is not at first in the field of view, a slight movement of the telescope either forwards or back wards 
in R.A. will generally bring it into sight. If not, the circle readings should be checked and the adjustments of the 
head corrected if necessary, 

The head should be fixed on a strong wooden braced tripod or iron pipe filled with concrete and protected from 
the weather by a galvanized tron hood, the telescope itself having been removed. 
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and Greek proper names in English context, bees 


Constellations.—For the genitives (y.) of names ending in -us -wm, change the -we or -wm Into -i (pronounced 1), as Lupus, (a. | 1 up. 
Those ending ina: change the ¢ into @ (pronounced 6), 08 Mensa, Menem. Modern Constellations ore marked * 


Anpnomapa, in-draom'2-dii And renedo. 
AxTua,* Ant’ li-d «= De Ae Purap? 
Arcs," a'pas (g..0-podie) Bird of Paradise 
Aqvanius, d-kwa'rj-is The Water-learer 


AGUILA, Ale'wi-la oe he Bogle 
Ata, fi‘rik és are es 
Ano, dir'ed (9, dr’gs) Ship Arge | 
‘Anms, i A ri-ex (g., a-rl e-tia) sas Ne am 
Acniaa, éri'ci The Charwter 
Boras, bi-d'tis (y., =the) The Herdaman | 


Cagiom,” ef lim The Caneel * 
CaMELOPARDUS,” kul ena’ ‘Sepaird- a Wirase 
Cyxscen, kin'sdr (9. an-lerl) the Crab 
Oa elas bande vé-niittT-al, or -kl 
-» ea EL vena T-ko' rim) Greyhounds 
ae cen, ka'nie major = (y., ma j0'ris) 
Minow, ka'nia miner ig., ml-nd’ris) | 
The Greater anc “Lesser Pinay | 
Carniconnys, kiip-ri-kér'nis 
Canta.” kar na rr 
Cassiopeia, kée-i- -G-pe "Fa Caamapera 
Cextatnes,. san-ti'rits The Centaur 


CHPHEUS, M'flis or s8'fé-is Rephent 
Cervus, 2& tie The Sea Monster or Whale 
CoMarieon", ki-mf'lé-in -lé-éntis) 
The Chaimerloom 
Cmemecs,* «fran fhe Compares 
Coconwpa,” bilimbi... The Dave 
Cats BunENTCES,” ko'mnd bérd-nl nts 
ki’mé beri-nl'sis) Berenice's Hacer 
Conor a Arsrnalis, Koo mi Ge-tra'lls 
» BoORRALIS, ba-ri-a Tis | 
The Southern Cron, “The Northern Crown 
Original Forms. | Antiia Paoumaticn 


The Keel { Argo) 


OPyxia Nautioa, TM Aforimer’s Coeapinas, 


Lé Scitais Sobleskil, Sobleetifw Stink, 2 Sextane Crank, Cron’ Sextant, 


The See-groat 


Convus, kor’ vite 


Caaten, brates (7, lorat dr-in) 
CHE,” kriikee | fo krddels) 


CYGNUS, sig’ nds 


DreLruints, i2)-T) nis 
| Domape,” db-ri"dd (a, -ddiGe) 
Dado, drii’ka | (ie, ara-ke BA) 
is “The Little Horse | 
| Enipaxus, &rid‘i-nga The Mtiwer Sridanua | 


Eguonece, é-lkwid lé- 


| Foasax,*fr'ndka(g., 


 GEMINT, j jéen"Tnf (y., -100 ‘rim ) 
Gnus, gras” (g., grodia) 
Henootes, bir’ ei -LBx (4, -fis) 
Hone vocioM,” hir-d-10" pam 





| Hrnma, bY'drd 

| Hrpaos,” hldriia 

| Ixpvs,* in‘dis 
Lacerta,” Ider ta 


Leo, 126 (9 , 18-6'nis) 





fate oe in we 
fat & ,, met 
Arti | é |, ‘Water 


ain | 


The Crow 
The Cup 
fhe Cross 
The Saarn 

. The Delphi 
Sor Nas 
The Drage 


fér-naé‘cia) SP uraace! 
The Tweens 
The Crane 

Hercules 
The Clock | 
The Wadler Saake:| 


The Indien 
The Linrd 
The fiom [ Letcrm | 


. Mirror,” miner (¢., oi-nie'ts)  easer' | 


Lervs, Jé'pis (y,, lep'or- la) 


Litita iWbrk 


Lorve, li" pis 


Lyx," links {9., -Tin'eia) 


Lyna, iri 
[Mance,* mi lis, (now 
Mensa,” mén‘ed 


. the Balances 
The Wolf 


Prat a) " Mast oF A flv 


Tote Weunimin 


| Micndecorim™,* ml-krd-ski’ pi-tien The 


Microacope 


The Unicorn | 


Moxocnnos,” mi-nés‘dr-fe [y., -Gr-O"lis) | 


Mosca,” mis’ kil 
Nota, cer Doh 


| Corans,® dk’tiins tg. Sketin’tix} 


The [Southern] Ely! 
The Spare 
Chetant ? 





The Hare | 





ne PRONUNCIATION OF NAMES 


The accents are pronounced as follows:— 
Note :-—This let follows the so-called English method 
ef pronunciation, which ia generally used for Latin 


i aa in ioe Gasingo | tasinunite 
i , il o » odd i, wp 
é& . orb Oo » te 


Do ,, foal | 


Oraincits, Gf-i-it'lots he Serpent: bearer 


Onrom, Orit (p., dr-f-O'nis} The Jwater 
Parvo," pa'vo (y., pli-vo oie) The Poasoek 
Praasts, per'd-sila as Pegasus 
Pamsecs, por'sda of pilbr’sé-tis Peracua 
Presik." ffnike (g., fences) The Phot 
Proron,* pik’ttr (y.. =téir'is) The Pointer 4 
Pisces, pines (v., pls T-iien) , The Fishes 


Piscis AQSTRALIZ, pis‘ie e-triaaTis 

[The Southern Fisk 
Peorrta,"* Pupils (ire, pu Vis) Peon lap fl rao | 
Prue,” pik'sis (y., ‘tc ie} Phe Compose * 


Reriou LUM,” ré-1ik Glin The Vet 
| Bacrrra, sai-jit"é es Phe Arrow 
SAGITTARITE, edi “Is ta" ri ue The Archer 


Boom, kor pied (o, -O'nke) = Thke Gorgon 
Roompris, akan’ pi-as (on eke’ pi-T) 1 
Scurpron,*ekdlp' tr (y.,-t0'rie) Seulpior 3 
Secrom,” alt oie fhe Shida 1 
SenPehe, str pans ig. a6r-pen ta} Die Serpent 
SEXTANS,” GehE tang (o.,+tin'tis) extant 
TavErs, té'raa i +e The Audl 
TRLESCOFIUM, *tilé-eki'pi-om = vie Teteancpe 
Torcanus,” tii-ké'nis The dmericon Goose 
THIANGULUM, tr}din'pgi-linm The Triangle 
 AtETHALE," ap -‘(etri li Southern ,, 
Dea Mazon, Gr'sa majér = (g., trsé mil- "8 ris) 
, Mixon, firs onor = (9, tir’ eG uni-ni ris) 
The Greater and the Leaser Heurs 


| Veta,* v8 ld ig. Velo rim) = Saale (of Argo) 
Vinge, vie'cd (9., vibe"ji-nis} he Fier 
Vonawa,* vo ling (g/d ts} Flying Fizik 
VurrecuLa,” vil-pek t-ld . The Fox ™ 


®Caaia Sculptoria, The Sculptors Chis, 8 Col niin Sonekli, Soaks eve, = 9 Fornax Obani ical, 
The Chemiecl Furmace. 4 Mons Menem, 4 Apis Musca Australia. TOtine Hadlelawus, Hadley's Getoni 8 Equubew Pistoris, Tie Painter's Bowel. 
iO Retionlam Rbomboldalia, Tae Nhowpboidial Ket, Ul Apparatus Genlptorie, The Sculptar’s Porbehop, 


MPiscie Volane 4 Valpecula ot Ameer, The Fos ana the iro. 


Star and Cluster Names. Many of these, transliterated or corrupted from the Arabic, have no standard spellings, aa Aroeb, Arnab ; 


Caph, Chaph ; Cebalrai, Relbalrat; Torazed, Trazed, Xe, a may=o; a0 =ain; cok or kh; 
Neth al Rai, kélb-al-rai* A Oph. 


dckerner, Akér-nar oo Eridani |) Menetnaach, benbt'ndsh q Ure. Maj | 


Acrab, ak'rah BScorpti | Aetelyruse, bat Oath" a Crionis 
Adara, &d-a'ri e Canis Maj.) Cancpus, kd-ni‘pia 4 Area 
Atbiren, il-bi'ré-f a Crgni Crpella, kii-per'i a Aurigw 
Alehtha, al-ki-ba' aCorvi | Cuph, kat A Cassiop, 


Atoor, iil-kior’ 
Alcyone, al-si't-né 7 Paur 


80 Ure.Maj.| Caster, kda'téerorkie'tér a Gem, 
Cor horoli, kar kar ill « © Ven. 


Aldcharan, il-dtb'i-riin oc Tauri Cor Hydee, kor hi'dré =o Hydre 
dideramin, Al-di-ri'min aCeph | Cor feonta, kde 1é-O'nle Leon, 


Algetbe, il-j8"tai y Leonia | Gor Seorpii, kér skér"pl-l ~ 
Algenib, ii-gin'ib , Pegast (or k. shir-pi-G'nis) a Seorpit 
Algol, atl, il-gol’ §Pereei | Cor Serpentis, kde sér-pon'tis 
Afgorab, al-eG-rab’ | @ Corvi : a Serpentis 
Athena, al-héo'o +Gemin, | Cura, kciir=8h" @ Erickand 


Alioth, ali-oeh’ 
Albadd. Al-} -kA "idl se 
Albalwropa, Gl-bis-li" cman pa! Botit 
ADbea, Gl-kex" 
Almeak Alonik* 


€ ae Maj,| Dene’, dén'éh aCyeni, B Leonts 
Denel Algiedt, dén‘éb al-je'd) 


§ Capricorni 


aCrateris Jhenebola, dé-néb’-i-la § Leonie 
* Androm. Dipsefa, dif‘ a Ceti 


Alnifam, if-ni-lim’ «¢Orionis | Dude, didh’hé a Ur. Aaj, 
Alphard, dl-fiirl’ aHydre | Electra, &lék'tri 17 Tauri 
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BAYER AND LACAILLE LETTERS AND FLAMSTEED NUMBERS. 


ANDROMEDA, 


AQUARIUA, 


AQuILA, 
Cancer. 
CAPRICORNUS. 
CassiOPEIA, 
CenTauRua. 


CrYanus. 


ERIDANUS. 
Gemini. 


HeErcuLes. 


Hvora, 


Lupus. 
OPHIUCHUS. 


ORION. 
PERSEUS, 
Pisces. 


SacitTa rive. 
BcorpPius. 
SERPENS. 


Taurus. 


VirGo.. 


A, 49 
AL 103 
f, 53 
A, 38 
b, 46 
Ali 45 
A 24 
A, 48 
g, 2 


A, 68 
P, d4 


A, lo 
A, 39 
A, 57 
A, 104 


m,36,37 
A, do 
A, il 


m, G1 


A, 36 
A, a 


A, 43 
o, 40 


, gl 
A, 60 
A 2 
AY Tl] 
Al, 37 
l, 106 
A, 3 


Al, 4 
k, 44 


b, 60 


At 104 
g, 66 


b, 31 
ec, 45 
A*, 50 
b, 36 
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d!, 31 
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Ey, Te 
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Tn this Atins, Plometeed numbers are used iu preference to Roman letters, eince the former generally fellow in each constellation in 
order of Right Ascension, and thus the places of the numbered stare are the more easily found, But, aa the letters are sometioes used 
(ocensboually in the italic form), the above table has been prepared as an aid to the speedy identification of the star, 





STAR CHARTS 
ABBREVIATIONS AND EXPLANATIONS, 
Small Crosses (+) indicate the points of intersection of lines of intermedinte 20 minutes of TLA. and &” of 
Declination. 
Marginal Divisions in B.A. denote 5 minutes of sidereal time, and in Declination 1°. 


v (small, toa star) denotes variability, A variable star which reaches 6th magnitude or lesa ot its maximum 
brightness ia marked by a small circle only, 


R or Ru (small, to a star), A red, orange, or yellow star. In the cose of E-B red stars, the letter FB is not 
added ns the letters E-B are a sufficient indication of the colour. 


Number only (to a star), The number in Flamsteed’s Catalogus Britannions, 
Number underlined (to a star), eg., 64. The hour number in Piagzi's Catalogue, 


Greek or Roman Letter (to a star). The letter assigned by Bayer in 1603, and, since Bayer's time, by 
Lacaille and Gould in southern constellations. 


umber only ‘to a nebula). The number given in the 8.G.C., viz, the New General Catalogue, being the 
General Catalogue of Nebulm by Sir John Herschel as revised and enlarged by Dreyer (1888). 


Number with small number to the right (to a nebula) Sir William Herschel’s numbers and the classes 
into which he divided the nobule. Thus, 37! = A1V 47. 


These classes are :— 


L. Bright nebula. VY. Very large nebulm. 
IL Faint nebule, VI. Very compressed and rich clusters of stars, 
ILL Very faint nebale. Compressed clusters of small and large stars, 
IV. Planetary nebule, Coarsely scattered clusters of stars 


Abbreviations of the Names of Observers, generally followed 
by the current number from their Catalogues. 


Aitken, R. G. L. Lacaille, W.L. de, 
Argelandor, F. W. A. Ll. Lalande, J.J. de. 
Clark, Alvan. Ly. Leavenworth, F, P. 
Barnard, E.E. M. Messier, C. 
Brisbane, T. Mel. Melbourne Oba. 
Cordoba Obes, Russell, H. C. 
Cape Obes, Riimker, C. L. ©, 
Espin, T. E, H. South, al, 
Espin-Birmingham. Punting (Obs, 
Herschel, Sir William. mel lors, 
Herschel, Sir Jobin. 4 Uranometria Argentina, 
J. Herschel’s Catalogue of W. H.'s Woe Winnecke. 
double stars. 
Howe, H.-A. i Burnham, &, W. 
Halden, E. 3. Dunlep, J. 
Hough, iG. W, | Lowell Obs,, Sen, 
Hareresves,..]. 1 etre, Otto, 
Hussey, W. 7. Ez Pulkova Catalogue. Part U1, 
lnnes, BR, 'T. AL x Struve, F,.G, W, 
Jacob, W. 8. Pulkova Obs. Appendix, Vol, TTT, 








INTERESTING OBJECTS. 


Double Stars. 
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Maps 1 & 2. 
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O7° 183i 13 
9°; 87-3: 1828 
19"; Oh ires4 
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Remarks 
(Fold and Chern, 
Relatively fixed, 
Faint comes to B at 14°-8 distance, 
Optical pair: & diminishing from p.m. of A. 
= Au, 1107, 
Relatively fixed. Hich neighbourhood. 
Triple. NO relative motion. 
Pale yellow and lilac. Relatively fixed, 


Comes double, m. 03: Pld. Zod": @aO. 
Splendid gold and bloe. Relatively fixed. 
Binary, 

Binary, #63 y, d,0°4, 1903; widest abt, 1935, 
Triple star. Fine object in 4-inch, 

Pd. decreasing, 
Relatively fixed, 
Relatively fixed. 


Cp, 


Orange and blue, 

Increasing JA, 

Bluish comer, Relatively fixed. 

3-3 mag. is a spectroscopic binary. Helatively 
= Ea oe [ fiscedd, 
Physical pair, #4. slowly decreasing, 
Little relntive motion, Probably a slow binary. 
Relatively fixed. 
Relatively fixed. WN. of « 
fA. slowly decreasing. 
Binary: orbit doubttul. Test for 2-inch, 
A fine object. Stars yellow ond blue, 
Near y Draconts. 

Light-test for din. telescope. 

Long period binary, 

Relatively fixe, 

Binary, period 11] years. 

Yellow and lilac, ojo, 

Relatively fixed, 

PA. increasing slowly. 

Little change, 

Pleasing contrast, 

P.A. decressing slowly, 

Relatively fixed. 


Cee 


Relatively fixed. 

Binary. Decreasing PA. 
Relatively fixed. 
No change, 

Binary, period 72 y, 
Relatively fixed. 


Widening to 1°-0, 1950. 


Polaria, the N. Pole star*, A well-known test, 
Little change, ifany, 4° wslightly p ( 








INTERESTING OBJECTS. MAPS 1 & 2-— Continued. 


(CiRCUMPOLAR, NORTH). 


Variable Stars. 


ErocH 1950. 
aly R.A. Dea, Vor.of mag, || Spectrum] Period | | 
iA Cassiopeix Ob 44-g™t) 4 G9" 26" 64-78 | A 119 days | Algol type. 
SL o 6476 | +68 41 5O-63 | BD | rg Cepheid type. 


| 
9] Ba | +68 17 5-95 | 391 | Long period variable, 
23 64:0 | +82 55 62-71 | 360 | 


1 +69 8 || 60-190] Me | 298 


Nova 1572 Cassiopeia. 0 227-0, +60" 52, 

The new star first seen by Tycho Brahé on Nov. 11, 1572, when it was brighter than Jupiter, then in opposition 
and near perihelion. It scon became as bright as Venus, and waa Seen by some even in broad daylight, At the 
end of the month, it began to fade gradually, and underwent a succession of changes in colour—white, yellowish, 
ruddy, and finally leaden. At length, in March 1574, it ceased to be visible, Tycho's instruments were too rough 
for him to determine its place with great accuracy, #0 that it is uncertain whether one of two faint stars, near the 
position that he gave, is identical with the Nova, 


Nebulz= and Clusters. (Maps 1 and 2) (Untettered Nos. are those of the NwG.C.) 
295, H.VIII 78 Cassiop., 0" 40"-6, +61° 31’, A fine cluster, somewhat W shaped,- Half way from y to x. 
581, M103, [hagqm-8) 460°26', Beautiful field 1"/ and slightly N. of 6: contains 2141 and a red star, 
663, HVI a1 s. [) 420-5. 461" O'. A fine open cluster, visible in finder, Includes 2155, 
7654, M52, , 28829"-0, +61°19. Irregular cluster about 20° diam., containing an orange star. 


6545, H.IV 37, Draconis, 17" 58™ +6, + 66° 35. Planetary nebula, A remarkable object: very bright oval dise like 
a star out of focus, with a central $6 star, Bluish; nearly at 
the N. Pole of the Ecliptic. 


$031, M81, Urse Majoris, 9651" -5,+69°18'. Bright, with almost stellar nucleus grouped with small stars: Spiral, 
with rather faint arms. 

$034, MB, f gh G18 169° 58, A narrow curved ray 7’= 15, with rifts. Really « Spiral seen almost 
edygewise. Within }° of M81, which is included with a very low 
power. 

6322, H.1 266 13° 477-9, +60° 25. A bright, roundish nebula, with o brighter central part. 


* Polaris, Eaatly found hy the Potatera (a.and 8 Ursm Maj.) 1" from the N. Celestial Pole in TAS nearest in 2008, within 2°. 
Tt is easy with 24 inch ; companion bluish, The large star ia a spectroscopic binary and slightly varialle. 
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: INTERESTING OBJECTS. Maps 3 & 4. = 
(R.A. XX. Has. To IL Hes. Dec. 60'N. ro 6O'S.), 
Double Stars. 
Erocu 1950. ; 
R.A. Thee. Maura, Pd, Tiat. Date , | Notes 
36 Andromede| O 59°-3) 493° 22') 6-1, 6-7 | 113°; 0°-6,1938| Binary. Period 124 years. np. 
7 "1 2 08/442 643-0, G0] GI! O°-7:1927) Gold and blac, Magnificent object, 
7" " 9 08/442 6 54, 66 | 103°: O'-4:1937| Very close binary, P.b5y. Closing till 1945. 
OZ500 |, 99 35:1 |/+44 9 | 61, T0333": 0°-6:1925) Binary. [Widest 0-6, 1971. 
25042 4 93 49-3 /4+37 37 9 70, TO] 87°; 6° 2:1931 | No appreciable change. 
23050 oy 23 560 | +353 27 | G0, 60 | 242°; 19/1995) Binary. P.A. increasing, distance decreasing. 
41 <Aquarii (| 22 11:5 |-—21 19 56, 7-6 | 116°. 4-9: 1928 | Little change, 
| 51 ‘ 99 91-5 |-— 6 6.9 56, G7 9 351°: eel Binary. 
| 53. a 22 95-9 )-17 Of 60, G5 S13"; S°S:1924) PA. slowly increasing, distance diminishing. 3 
| ¢ es 99 96-2.)- 0 17 | 44, 46 9 291"; 2°0:1005) Slow binary, P.d.and d, decreasing. Test for 
94 = ~—« | 93 16-4 |-13 445-2, 7-2 | 348° 13%3/1922) Relatively fixed, Yellowishand blue, — [2-in. 
| 107 + 23 494 |-18 57 | 5-3, G5 Plo’: G'2; 1925 | Slow retrograde motion ; increasing distance, 
1s Arletis 1 474/422 29 63, f4 | 166": 28 1937 | Test for 2-in. telescope. 
7 r 1 S08 | +19 3 42, 44 | S60": Bhd See Beautiful fixed pair. Fine for small telescope, 
\ - Cagsiopeiz | 0 29:0 | +54 15 ] 5-6, 5-9 168": 0'-6 1932 Binary, Increasing PA. 
" 1 O 461 |+57 33 ] 3-7, T4 | 278°: BT 1836) Binary of long period, 500+ years. 
r “4 23 064 [455 29 | G4, 75 | 327"; eee Nochange. Grand low power field, 
é Cephei oy 97-3.)458 10 | var, 75 || 192° 417-0 f 1924 | Yellow and blue: A is variable, see footnote. 
: 
| 42 Ceti 1 172/- 0 46 | 69, TO] 1°i 1°-4:1935) Direct angular movement. | 
| ZM47 oy 1 99-3 }—11 34] 6-0, 73) a9"; 37-9 51825) opm. | 
Pp Eridani 1 37-9 | -86 37 | GO, 6-1 207°. 9°-6 | 1936 Binary, period 219 years, Distance increasing. i 
| 6 Gris [23 40|-43 48] 45, 7-0] 497: 1°4'1984| P.A, increasing. 
| A246 ‘9 a3 44 |-50 68 | G1, 6-8 | a57*; 8-4:1927) Little change. 
t EIRO4 Lacerte [99 16-7 | 437 31] 6-0, 82 194" 15’ 8 1925) Relatively fixed. White and blue, 
| a . 99 34-6 | 499 23 | 6-0, 6 | 186°: 29°°3:1923) Multiplesystem; distant stars mags. 10 and 11. 
| TI8T7 Pegasi | 22 11-0 | +16 57 | 6-4, 96 |) 10°14" 1924) Optical. Distance increasing from p.m, | 
22878 oy 99 19-0 /4+ 7 44 | GB, 8-3 | 1937; 15 Long period binary. J.4. slowly decreasing, 
32 7 99 19:9 )428 5 | 50, 3 | 1ayiT2"0 B has 11 mag, comes at 3° -9 distance, 
33 a7 91-9 | 420 36 | 60,100 | i77t: 1" PA. and distance slowly decreasing. 
| a4 = 29 94-0 )4+ 4 8. SB, 117 | aie"; a" | Little change. 
| 37 = a9 O74 | 4+ 4:11 | 58, 7:2] oat! O''5:1926) Binary, with orbit in line of sight. Widening. 
| é n= [22 44-2 | +11 55 | 40,120 | 108°: 11"-9 1924) PA. slowly decreasing. LP. abt, 150 yr, 
| 53 = 9% 56:7.) +11 27 | 6:2, 77 |) gee": OT: | Close double, A. increasing. 
57 » ~~ (23-0 | & 8B 24 | 5-9, 10-2 | 198" 32"-9 1923) Relatively fixed. 
78 . a9 404/429 6 750, S12 | 208": D221 PA. inerensing. 
: 
p Phenicis | 1 3° )-40 59 J 41, £2 357°: Dy | Binary, P.A.decreasing. 11th mag.starat 57", 
7 + ¢ i 1 63 |-56 31) 41, 84 | a45": 6°-6 | Little change. A is variable, [ 1920. 
a . 93 96:8 |-—46 55 | 63, 6D | ava"; 4°2:; Relatively fixed. 
35 0=—s Piscium 0194 )+ 8 33 1 62, 78 149" 118 1926 | Relatively fixed. | 
oa “ 0 87-3 [+21 10 | 55, 8:2 1193": 6 6:1920) Orange and blue, Relatively fixed. 
65 " O 47-2 |+27 26 7 60, 6:0 997"! 4°-5: 1926) Little change, 
¢ t 1 ibd |+ 7 199 4:2, 53] 63°) 35"-6:1931) Relatively fixed. [Test for 2-in. 
a . 1 69-4 )+ 2.31 } 45, 5-2 | 306") 2°5:1995) Pale green and blue: P.A. and ¢, diminishing. 
| @ PiscisAus | 22 98-7 | -32 36 | 44, 7-8 |) 179° 30-4:1918) Relatively fixed, | 
| ¥ f 23 493-33 7] 45, 85/260" 4-3 1926) P.A. slowly decreasing, 
| j i 99 53-2 |—32 47 || 43,105 | 240° 53' 1095) Relatively fixed, | 








INTERESTING OBJECTS. MAPS 3 & 4 -— Continued. 
(R.A. XXL Haas. to IL Hee. Deo. 60'N. tro 60'S.). 


Variable Stars. 

Erocw 1950. 

RA. | Dee, | Var. of mag. || Spectrum Period Notes 
Andromed= | OF 21-4) +38" 18] 56-149 Me | 410days | Long period varinble, 
Aquarii 93 41-2 | -15 33 || 60-11 me | sso : . 7 
Cassiopeia , 876 | +5 22-31 Ko ae | Tvregular variable. 


55-8 ] 53-19 i 4$2daya | Long period variable, 


i | 


Cephei * | 92 97-3 Los 1 a6. 4:3 ! OT Cepheid. Tm. comes ot 41”, 
Ceti 192 | =—20 2 1-79 fe Irregular type. 

Pegasi a8 13 | +3 99-7 | Ae - ae 

Sculptoris ] 247 2 40 | 6-2-88 SiGdays | Long period variable, 


Nebul# and Clusters. (Maps3and 4) = (Unlettered Nos, are those of the N.G.C) 

224, M31 Andromeda, O° 40"0,4+41°0'. The ‘Great Nebula in Andromeda,’ visible asa hazy spot to thé naked 
eye. Long, oval, and brightening towards the centre, with almost 
star-like nucleus; photos by the 100-in. telescope resolve the 
outer parts into stars. Assuming ‘red-shift’ as due to velocity, 
like all other extra-galactic nebule it is receding, though ap- 
parently approaching owing to the Galactic rotation. Distance 
700,000 - 800,000 light-years: it is the nearest Spiral axcept M33 
in Triangulam, which is probably rather nearer. 


7662, TV 18, Androm, 25° 233™-4, +42°12", A remarkably bright, slightly elliptical, planetary nebula, 32” x 28", 
blaish, With alow power almost starlike; in a 10-in. telescope 
the dusky centre makes it annular, «A 14 mag, nucleus is visible 
in very large telescopes, and clear in photographs. 

457, H.VIT 42 Cassiop., 1° 16"-0,+58" 3. A condensed cluster of moderately bright stars 18’ in diameter, 

Attending , which is, however, probably much nearer us than ia 

the cluster. 


7789, H.VI 30), 24 Sd" 6, +56°26. Between pando, A large cluster of very faint stars. 
7245, AH. VIII 75 Lacer. 225 15™-1, +49° 58. A fine, open, irregular cluster, followed by a beautiful field, 


650, M76, Persei, ... 1°38™-3,+51°20. A double nebula, like the ‘Dumb-bell Nebula’ in Vulpecula (Map 13}, 
but much smaller. It is o gaseous nebula, and therefore belongs 
io our System. 


698, M34, Triangull, 191m 0, +30° 24. Very large, faint, ill-defined nebula: central portions the brightest; 
irregular nodosities give its curdled appearance. Use very low 
power on a dark, clear night. Spiral in photographs, | 


“3 Cophet, This star is typical of Class TV. short-period Copheid variables, Its magnitude varies from shest 3605 © 
(range O'7 mag.), and ita period is #37 days. Ita rise from minimum to maximum occurs in about 14 days, and is, th 
more rapid than its decline, which ooeupies abont 4 days, and is not uniform, but subject to slight osvillations. ‘These < 
aro repeated with great regularity, The variations are thought to be due to pulsations in the atmosphere of Prana 
cause of the variability ia still in doubt, 
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INTERESTING OBJECTS. Maps 5 & 6. 
(A.A. Il. Haas. To Vi. Has. Deco. 60'N. To 60'S.), 


Double Stars. 




















Erocu 1950, 
RA. | Ten Mage, f PLA. Dist. Date Wotes 
$9 <Andromede|) 2° 7"°8 | +38" 48°) 6-7, o6° 166.1923) Relatively fixed, = 
30 ©=—sArietis 2 84:1 | +24 36 | G1, TI 974" | 38"-7 1920 White and blue, Relatively fixed. 
zr a 9 46-5 )/417 15 | 4-9, 8-4 119°; 3°-3:192a)] There isa 10-2 mag. star at 110°; @. 25" (1915), 
‘ 3 2 664/421 8 60, 64 | 205°; 1°-5:1996) Test for 3-inch telescope. 
Sgn | 3 26) +35 4 oe | ee) Be jose Triple, 
» Auriga | 4 558/437 49] 5:0, 8-0 | 357": 5%8: 1995) P.4. very slowly increasing. 
14 7 6 182/452 38 |} 50, 7-2 |] 295°: 14"5:1922| 11 mag. star at 11°-1 distanoe. 
( ‘ o $63. |+37 13 |] 2-7, S82") a8: 19ed| Test for 4-inch telescope, 
y Cali 5 26|-35 33 | 47, 85 || 310°. 29 033 i iH 
Camelopardi] 4 28:1 | +53 48 | 5-1, 6-2 | 308"/10"-2!1994| Relatively fixed. J 
66 Ceti 2103 |)- 9 38 | 60, 939°: 16"-3 {1986 Yellow and blue. Relatively fixed. ejp.m. 
? 1 2407 [+ 3 2] di, ce re a7 mag. star yellowish, Little relative move- 
[ ment, 
h3527 Eridani 2 414 |-40 4 | 7-0, 42°) 2-07 1985) asin ‘n Sis 
ee 4 66-4 |-40 30 | 3+, 87": 8-2: 1924! Very slow increase of PA, 
p* E | 3 O8+— 7 5S | 6-3, 4°: 2°-9:1023| Little change, 
hago 5 4 107 |—44 BT | 5-9, | agg* a1: 1926) The 69 star is a close double, 0-6 (1926). 
fF ALG ,, 8 466 |-—S7 47 9 £4, ao": 7’ 8: 1918 i PA. slowly increasing. 
a " 3 518/- 3 6] £0, | 347°; T°-O:1922 |) Topaz and green. Fine contrast, 
39 st £ 12-4) |-—10 23 | 6-0, 148": 6"-5 21922] Little change. 
55 st 4 41-2 )- 8 59 | 6-3, S17" j i ow, Relatively fixed, 
5 100 |—11 66 | 4-2,105 || 335° 12"-8 1903] Relatively fixed. 
& 109 )}-13 0 | 5-0, 360°: 2651926) Yellowish and bluish, Relatively fixed, 
5 26:1 |-20 48 | 3-0, }313°: 251926) FA. increasing. 
5 305 |—17 Gi | 4-0, 166° 305 :1920 |) Fine field. 
5 107 |} + 2 48 | 4:7, 63": T0192] Nochange. Other stars in field, 
5 121|-— 8 15 | 0-3, 202°; 9°4:1928 Rigel. Theattendant is bluish. Test for 2-in. 
5 220 |-— 2 26 | 33, 7To°; 1 4i19a7 | #4. slowly decreasing. Test for 4-inch, 
6 28-6 )+ 3 15 | 6-0, ag°: 2°-0:1922| Relatively fixed. 
5 29-4 |- 0 20 | 20, 360° 5281022) Relatively fixed. 
5 324 /+ 9 G4] 40, 6 43°; 4°-2-1034 | Relatively fixed. Very fine region. 
2 dd0 |— 6 27 | ie aus foe jo oe | The Prapessum in Orion. Two other stars a 
5 38:0 |- 6 66 7 3-2. 7: 141°: 114° 1925) Relatively fixed. Nebulous glow. [teat for 4-in. 
5 36-2)- 2.36 | 49,100 | 28 i iba... | Fine group with striking colours. 8 starsin4-in, 
f 38:2 |)- 1 67 | 9-0, 6-0 157": 2°-8:1920) P.A, slowly increasing. Test for 2-inch. F 
hb 453 )+ 6 26 9 6:2, 207°: 1421934 | Teast for dinch telescope. 
} 2.470 | 465 41 7 4-0, 301° 28-4 1925 Yollow and blue, Several faint conifer. 
2 50-6 }4+38 8 |] o5,. 237°' 14" 021917) Closely  16Persei. Test for 3-inch. 
3 54:5 |439 52 | 3-1, 10°; 90: 1oR4 | von on . 
4 49:8 |-53 33 | 56, 58° 12-0 :3917| Relatively fixed. 
i | | 
3 342 /+ O 26 | 60, O53": 6-6: 1924 Slow change. Probably a binary. 
4 105 | +25 31 | 57, a5°:19"-9 1994) Relatively fixed. 
| £ 306 | 417 55 | 70, 71 P2777: 37-0: 1924 | mh BE tai 
4 330 |+16 25 7 1-0, 34°: 181° :q909) Aldeharan, Distance increasing from p.m. of A, 
4 35-4 /496 61 7 64, 198"; 4"1 | 1037 | PA decreasing ; distance increasiny slowly. 
9 302 )425 7 | 5-8, 209°: 4"°8:1920| PA. very slowly increasing, 
2 95'430 4! 5-0, 74" 3'-9' 1993! Yellow and blue. Fine pair. 








INTERESTING OBvECcTs. MAPS 5 & 6 — Continued. 
(A.A. I. Hes. ro Vi. Hes. Dec. 60'N. ro 60'S.) 





Variable Stars. : 
EPocH 1950. 
R.A, | Der, Var, of mag. Period =, Notes 
« Anrige 46 5B-d| 449° 44°) 33-41 27'l4yra. | Spectroscopic Binary, 
o Ceti 2 168 | - 3 12 l7-9°6 d3ldays | Aftra, Long period variable* 
Ke Leparis 4-573 | -14 53] 60-104 430, Hinds ‘Crimson Star,’ 
a Orionis 5.525 | + 7 2: O-3-1+1 a Hetelgeuse, Irregular vaoriable.f 
U a 5 629 | +20 11] G4-12-3 S74days | Long period variable. 
p  Persei | & 20 | +38 39] 23-41 | ae Irregular variable. 
p 3 £o | 240 46 9-3. 3-5 | 2°87 days | Algol, The typical Algolid.} 
A =- Tauri 4 678 | +12 20] 36-42 (39 Algol eclipsing type, 
Rs Trianguli 2340 | +34 31] 68-120 ism) ., Long period variable. 
Nebul# and Clusters, (Maps Gand 6) = (Unlettered Nos, are thoee of the N.G.C) 
1912, M38, Auriga, 54 25™-3, +30° 48, A striking, loose, cruciform cluster, in a glorious neighbourhood, 
1960, M36, S693" -0,+34° 7". An open cluster of stars of mag, 8-14, regularly arranged, 2° Auriga. 
9090, M37, fh dg" -O, +92°33', Fine open cluster, Ruddy 9th magnitude star near the centre. 
1068, M77, Cati, ghyggm-],— O15. Small, round, faintish nebula, centrally condensed, 1°76, slightly 8, 


1976, M42, Orionis, fe g2=-5,— 6°25. The Great Nebula in Orion, visible to the naked eye as @ Orionis, 
A greenish, irregular, fan-shaped mass, best seen with a low power. 
With higher powers, the bright 'Huygenian’ region shows a 
mottled appearance ‘like the breaking up of « mackerel aky' 
(Sir J. Herschel). Includes the ‘Trapezium’ (see previous page). 


oven in emall teleacopea; the diameter of each is about 45. 

There is a fine ruby star near the contre of 884, 

1039, MS4, = 2h 388, +42°52', A fine loose cluster, just visible to the naked eye; it contains the 
double star O244, A low power is required to cover the large field. 

1435, Tauri, oY 49-3, +29" 37, Faint nebula, near Merope in the Ploiades—a cluster which requires 
a very large field; well seen in finder, Ordinary eyes see six or 
seven stars, but some can count many more, 


S40 F.VIS3. Perse 99 17™-2 4.567 55", Two magnificent clusters, visible to the naked eye, and fine objects 
Be4. HLVISS, », Bh 2m do BG" OS", } 


195%, M1, Tauri, 56 $1™ 5, 421°69. The ‘Crab Nebula,’ near ¢ o faint, oval, gaseous nebula, Its serrated 
outline is visible only in large instruments, Discovered 174], 
and forgotten; its rediscovery by Messier in 1758, led him to 
make his catalogue of 103 nebulw, 


®* Mira, ‘The Wonderful.’ Tt waaseen as a new star forafew weeks by Fabricinain 1596, and by Bayer in 1603, who catalogued it ae 
o Ceti, Itia invisible exeept in a telegonpe for about 6 months, sinking toa miniowum of 8-6 to 9d mag.; then it becomes visible to the naked 
eye for about 6 months, rising at maximum weually to 3rd or dth mag., but sometimes to Sth or nd mag. Its rise is more rapid than ite 
fall, At maximum the light incresses some 1400 times, apparently oe the result of outbursts of hydrogen gas, Mean period 830 daya, with 
large variations. 

+ Retelgewae is one of the reddest of the bright stare. [te angular diameter, measured by the interferometer with the 100-in. telessope, 
ig about O'045, giving an actual diameter of about 300,000,000 miles—large enough to include easily the whole orbit of the earth. Simee 
the meaaurea vary, it appears that pulaatory changee in the star's dinmeter may be connected with ita variability. Boetelgeure haw a meen 
density about 1 millionth that of water or yyip¢ that of nir. 

+ Algol. Ite name, ‘The Demon Star," suggests that tte variability waa known to the Arabea centuries ago. It is typleal ef the *derk- 
eclipsing’ variablea, Ite magnitude for nbout 2d, 11h, is substantially constant ot 2-4, but with a slight secondary fall and rise, of J) coe 
at half-way ; it then decreasea rapidly to mag. 8-5 in about 5 hours, and in another 5 hours reguine ite original ie aire Peri” ates 
69 hours. The change of light is due to two etare, one bright, the other faint, very close together, revolving round their common 
gravity, and mutually eclipaing each other. A third stor is included in tho systom. 


a. vi 
— - — - ; _ 



























7 TD de . ake = i = a. zz a 
I : i oul * 7 [ite aad 4 al ae : r ! > Be = , ae it : emi o 
Leh ap eat tal bp gente heh fon eieem prea sthemmtapatonsi~tommierdeieg n ae nn  P 
7 ea) ett. rs * ir it wll, | i ¢ ee ey 
wait * * * i a aten't a 7 =. tite ay. i. | 
= i Ti ‘" J 5 3 : * Ti 1 4 + . ' | 
= a ee ==: : 4 it; o a. ‘ ‘ Cl a tear it ry bli a i 1 - | 
1 2* =" Py TF i i = a Toe oA 0 a.|6 06 Daas i } 
L ‘ : ‘es : _ * . :* 
i . nig Foor ovr: i = nig '® 
7 i : ft 4 a ts a 7 Coke *. . " + ' kana . sire | oe . ete 
_ a <— I * i - Ge = = . x iii i F Fa ! th i ok : 
' a as a . i ‘. iu gu # ae r cy GE 7 i ero 
| L | SAils5) - 017 1 . > Qo ° : j 
—— — - } a) ! x = - i - —" na | I 4 #) 
weit ——— | o . a + . > i ; & i+ 
= = 1 See aig F a 1 s i i riyeg 1 
lL ' Ig32 & | di) 1 ep a¢ y ye * a z acta oe a - se dj ve ett ee f i _ 
I a 1 ‘ ; 1 i a he = F ; gab r : 
| ir if | I 2 acy © af | — a gt ste i — _ a . 3 a ‘* ‘ to # a ra i «* ling, J 
KE paige | a ———_—— oF . | Sea mT eT semeyT PS 
ch ccl ieee — | Se = Le o ot a i 9 a 1 ats tiim* ee ri) 
| - - a eiit EE 4 s it , ea al “hk a * a = iy At - | 
LL. T | i rs o oe (NOT eo) ¥ , * er 
, a i  Tigred * i ' # : I a - ange Ht | Ti — * 
| a rom ne | i CD it ou. a Fil z = | Fi , | ? 
[ # I ie,, is i “ Gy oO a! * Gs [30 a oT pa ! mi * | 
lot ' ‘ iy - | ry ae a “a: « ey a en _ ers a eet . r + 
j i j oe ie i p —— L a Pa ee ae = atta Pig a 4y - le ai ‘ ‘ ile a a c= B + “ 
le 1041 - oa | : Sieh vt ~~ ols et La eg INE See) Sl ee eh Sy 
im : it . “a, oe += ee / errs =f i a 
a ~ | | | : , | tio i, 2 AD i by Oni 4 a ttle 7: * f . : "tiga 
el a ™- . . ee, a be 7 * , ee OLE as 
¢- wan ia } : “® od Wise . pee a a etatTe | i : if, al t« fe + ete) 
1 he oH “s cs eo 2 ape vt ro 7 <3 las 
} cou - ln , eget . or [en  . +I e+ “O° at 8 a sorties Ei = oo] ele rpet ‘ Hales | 
i = : == ; a ; . : oj j 1° + j 
y ’ i Tul , ar ak } Le oe i. a Ie ae ——-__- = we weit” . iT al. e + eer Oty 
a Ts i i 2) Fh Ry a a_i + c, rome +e * a i eet oe ei * . leaf owas a +e ee wy 
| 1 i cd i —— =i = cf ' | | = I a> ie is *. : a ] So i= ———.4,_ ot Su 2 os j =f 
\ oe oT oh it a9 | =a ee « oe + 0 hee 5 fo Gor FT i ° ae Ri ‘es re LY 
ot ede) oe Nite | il oe ode a yee 
i ————— a ;, ee * 4 = a (a ie F 12 Pb ~ i | 
he | 1 H, f a i | i ta e “pre ro re # i. jl en Vr = i aa ste Ta ~ = od 7 
oe et} * = at = 4 . im. eh eT + uy “ 
ke i fo I" | it a '. T Ft = ‘ ir = Er i 6 
4 i of "@ Me Os Ls aL ! "Su i0 « iin ie ‘ o" » Wl eft ir ad :" uch mae 
= ‘| r I ie . (hi. it. z ea | = : i. "G8 Zia | = is P * =; bE. g — 78 o_. 1 
1 | Weaeh bz. —r *) ss . i Loe Ey ip Ds | -/- ff, ; é : 4 FiT ys _j 
r | cc iF a J q i +O = bievlae ew be, ati i a ! 
- , £ ae “ P ae o ! a Toa 7 ae fe sit le eat Grit. , i ‘| | i Wr Soren = 
T Pri a a a i ; J ie 
\ ov L* i hp te > Pes = i i | . * — | = x i * A e 17 =e ri z H f 
| " ee ex 8 | 1 “te @ -— a* | wart 
I 1 | ie i | Bos —as " all are —== , { J rn —— -F a 
Ls ' - ik ai qe #4 * — att are r* SS = ar He, ; ve oe EP ee ; T 
I 7 1 pas = ae _——— SS. | =. = =— See ee | u . — a) 7 -7 a ad r if L =n} in ™ af 
| le aener= a 1 . — fa rae = = ores a 8 eat Sal a ! é | dearate ee To 
f ° |. Line’ ‘Ze . oo maa “of; | wraz “wv —j—_ We 6 “/ = 
i a C . — =. 1 ™ to te = I gee! - = | - i # eo j - ‘ i 
1 c —— A a i i Sah | i . i: i i « +) re. — ‘Die , 
re ee ah a ! Tht i 
| 0 Z = i ee eh A = i | # at mig i j Is 
y i ——T | >. P om I a ‘ti 
} Tmo | ee a 2 Dae aa te | 
i ami - i el oa al F 
| te ’ | oe eee enasuad| . ¢ FN 
. 2 \ i é _ ou" I ——— | al : Poy Sy i ud 
1 jita + © Ts 1 | avis ; | ' ' Pk = ‘ | 
| | 1 . aoe Nee er t « a ett ero * ‘ 7 
\ a i oe * is : 7" r 
Lo ket | =< 1 Vets loo . verie . ® a 
~£°O¥E Oo he a .* ; 1 7 "08! u \ * ¢ i, fey a, 7 
1 5 4 iat Fr. a " = gaily a 7. # a * ll if 
reer) a sea vil LU \ . a i _ . —a 1 = aed ~*~ iT oO ; 
es0¥is je ane \ ' grt \ vr | a # ee : 7 
F i 
i # Of 
PY J 
Peay ; 
+ 
ii 
e. f 
i ee + 
| Chr oa 
i F 
fe F 
/- 
rE - 
. if 
Fo 
. a 
F. Az 
er * jf ig | 
i | : es 
1 2 j oF 
Sa “s ‘ 
7 enayy ¥do So & wea? ff je. ae ; 
re : SOTIAVS | me 8 ez, ‘ag ee ; 99 sled eee sudyjors jung 
5 i = Fi i ee = a 
P ae et abe a aa a ff * “8p 7 pub Bei PaBIGay soy 
Al aN ft f 7 J 
tdavVwn = 


ogei HOOds | 


GS dVW 





“* ee : 


. ‘ od F 
| s © : : ' Cl 
1 
= a - 
| ti = fs eet | ou™ io 


1 





i 
* ond a i ne = ee 
= = oe le SH awWok Co 


a t J a a ; | 
welch [7 i oe ie * # ae ale ¢ ,--*“5dert * ‘6 at : a’ Ol 

= a | = ——' | = rd = L. - 

| f° ay 7 —3— 0 + * I ‘oe. od 

siz i = = 1 . 
= z ‘nt = a 
“eag ig a 7 a | iges * = oe i a ~ Pay a mit rp, ail, 7 a 
; ue ak . oat tt Mig as * Sd 

. f “a im 7 c * i= F i Petasi cd aL ed the | = | 

| . i ae Fu; t * . ol oS sy g. © i . s ay 
' 4 ! am = Fe aan ca ‘k 

* E = hak ] 4 = a i ieiz ut i 
| : * ce a eS a | 8 :¢ : gi? 

ra ' 1 5 "4 : =” i a + eS gee 

ie f e “ , eas "beet i | ee *. 0) 
, # | z \ wat gn® j ores * ae * be, J es " - al 

: i. & i . ” Tr aie a 4 a “| 
] eo * ° * | # 1 * . * i 
i j ; a a2 ib Oe? ae | 
| ci - | = © én if o * ol i 
+F ry oe! = 
1 Bei 6... | ! if 
- = is Fa ge 
te ie |. ei | ; # 





es be Se 





Z: 

- 

Sal 
iF: 
Fl 
: 

y 








INTERESTING OBJECTS. Maps 7 & &. 
(R.A Vi. Hes. ro X. Hes. Dec. 6€0'N. to 60'S.), a 
Double Stars. 
ErPocH 1950, 
RA. . yp PA. Date Notes 
to gh ope-§) — 31" 40° 59, 6-7 | 211"! 1919 | Relatively fixed. 
41 6 7-38 | ‘1929. Relatively fixed, ¢g.m, 
2872 6 12:3 1924 | Relatively fixed, | 
ba 6 30-4 1a27 || ¢ pam. a 
m |__| ¢ Binary, P.60years, Widest 1-1 in 1960, 
t 5 93 | [eee Third star 6-5 mag. at 5°-4 distance, 
vt, 30 8 23-7 1026) P.A. slowly increasing. d. constant, 
dh? B 25-8 1934) Little change, 
‘ 8 43-7 “7 :1922| Yellow and blue: fine contrast No change. 
5 &@ 514 -4:1987 | 24. slowly decreasing. Test for 4-inch, 
06 B 68-3 “6 :1923) Relatively fixed. 
gi 6 34-2 | 1926) Relatively fixed. 
a 6 43-0 :1931 Straus, The Dog Star, Widest 11° in 1975,* 
mn | 6 53-8 (1926) Yellow and blue, Little change. 
a 6 567 1926 | Relatively fixed, 
ATSS Columbe | 5 a3°7 : 1925 11°23 mag. star at 21” distance. 
| T 
$ Geminorum|) 6 29:4 | [10224 Yellow and blue, No change. 
a8 - | 6 518 1922) PA. decreasing. Increase in distance, 
‘i E 7 pa 1914) Relatively fixed, Light test for 3-inch, 
é a 7 TT 7:1025) 3-2 mag. star ia yellowish, Teast for 2-iach, 
a +s 7 Sl-4 1937) Castor, Very fine object.7 
« 1 | 7 41-4 1924) Relatively fixed, Delicate pair, 
51945 Hyde | 8 39-2 ‘1925 | 1° ap § Hydre. Relatively fixed. : 
; “ BR 44-2 4-192) PLA, inereasing, A o close 15 year binary. 
& ' 9 11% 1924) Distance decreasing. Light test for d-inch, 
w  Leonis | 9 25-8 ‘1986| Close binary, Period 117 years, 
4 i 0 95-8 25°°7 21908) Light test for 4-inch telescope, 
6 < 9 29-3 i374: 1521] tas 
4 Lyncis §=6 | G6 «176 : ys 1924 Direct movement, Orbit doubtful. 
13 Tg | 6 41:8 “T Fy99¢ | 2 and 6-1 form a binary; very long period, 
et ' | 7 18-8 he :19238 Relatively fixed. (retrograde, Test for din. 
Bibs ‘dl 7-251 ‘li1go| Light test for 3-inch telescope. 
38 | o> 15-8 ‘9: 1925 P.A, decreasing. 
8 — 6. 21°] 2) 1923! Yellow and blue, Grand low power field, 7 
ll 7 6 26-4 | '1926 | Beautiful fixed triple star, - 
A433 Puppis G6 3:5 t 1037 Binary. Direct movement. 
k ‘a 7 368 9: 1927 | Relatively fixed. 
2 si 7 432 y 1923 bi ona ahs 
Fi] ” 7 455 “4 1029 PA. diminishing slowly. Test for 2inch, ' 
an B-ha-8 “1922 | Pp A.inecreasing, d. decreasing. Test for 4-in. 
o | 9 48-7 | “6 1926|| Binary. Period 112} years. 
a a 45-3 1995 | 10th mag. star at $9" d. makea with A., b4ido. 
H 8 548 “1997! Fine contrast in colours. 
hale 9? O02 ' 19268 Pos. slowly increasing. 
9 28°5 "21994 | Binary. Period 34 years, 
® 220 ‘| 1925 | PA. slowly increasing. 











INTERESTING OBJECTS. Maps 7 & 8 — Continued. 
(R.A. VI. Has. TO MX. Hes. Dec. 60'N. To 60°S.). 
Variable Stars. 
ErocH 1950. 
Ak, |. Period Notes 
RT,48 Aurige | “9. 8° o73 days | Cepheid variable, 
FR Caneri : i - 11+ s62 ., Long period variable, 
RK Canis Majoris a “9 -6°7 I-14 ,, Algol type. 
Geminorum 1 99 2.4 aol 4; Long period variable. 
103: ,, Cepheid variable, 
370 Long period variable, 
lsi2 ,, | ; 
STO. «| a sg 
aT yi Cepheid varinble, 
140° |, Long period variable, 
146 , Lyrid type. 


i 


Nebulw# and Clusters. (Maps 7 and 8) = (inlettered Nos, ore those of the N.G.C.) 

9052, M44, Cancri, 8° 597"-2,4+20°10". Prowepe (the Bee-hive) of the ancients, <A large scattered cluster 
almost resolved by the naked eye; contains some orange stars. 
Best seen in finder, or with very low . power. 

2682, M67 ab 4-5, +19° O. A roughly ciroular, open cluster of faint stara, diam, 27. Low 
power object, 

2987, M41, Canis Maj., Go 44" -9. 90°47, A fine open cluster of bright stars in curves, Juat visible to the 
naked eye, There is a ruddy star near the centre, 


2168, M35, Geminorum, 6" 5™°7,+24°21', Fine open cluster of bright stars in streams, with many fainter stars. 
Hetween « Geminorum and ¢{ Tauri, a little to N, 


9592, H.IV 45 |, 7" 267-2, 421" 3°. Oval planetary nebula, about 25” in diameter, with 9:5 mag. central 
etar. 


9944, H. VII 2, Monocer. 6" 30™-0, + 4°54’. Beautiful open cluster of 7th to Lith mag. stars, visible to the naked 
eye. Includea the 6th mag. ‘giant’ yellow star 12 Monocerotis, 
probably nearer than the cluster, 


9506, H.VI3T 7 67™5, —10°27', Fine cloud of faint stars, mag. 10 downwards in grand region, Best 
? seen with low power. 


2437, M46 Puppis, 7'39™5,-14"42". A beautifal cluster of small stars, about 30’ in diameter. On its 
northern edge is the irregular planetary ring nebula 2438. 


9440, HIV 64 ,, qhggm-g, -18" §. A bright, bluish, planetary nebula, in a rich neighbourhood, best seen 
with a moderately high power, .A 10th mag. ruddy star follows. 


* Sirius. Tho brightest star, Between 1834 and 1844, easel found that it had wavy irregularities in ite proper motion, and eume to 
the conclusion that the visible star must be revolving round the centre of gravity of itself, and an invisible companion star, in a period of 
shout 60 years, ‘The comer, of about Sth magnitude, wan discovered by Clark in 1862 near ite predicted place. Unless atmospheric com 
ditiona are good, it is difficult, or impossible, to see ft oven when widest, though it iz sometimes visible ina é-inch teleacope, In LEB, whem 
closest (about 2") the faint star was invisible. Ib waa next seen by Burnham in 1996 (d. 3-8), amd widened to its maximum distamss of 
11'S about 1925, It is now (1939) rapidly olosing, and from 1940 to 1950 will be invisible in all except the largest telescopes. “The comer 
in a ‘white dwarf‘ (Spectrum about F7}, only about 1/10,000th aa bright as its primary, but with a mass }aa great. Tis density & 34,008 
times that of the Sun, or 50,000 times that of water. Ite diameter is only about 26,000 miles, but it contains almost as much mutieras 
the Sun, whose diameter is 864,000 miles. Vysaoteky (1990) obtained different resulta, a mean magnitude of 7"1,s diameter of (2.400 sex 
and a density only } of that usually adopted. ‘ - 

+ Custor. A very fins double and binary star, in slow retrograde motion, with a period of about 350 years. The ecmepenent stare 
were at their widest distance apart, 65, about 1880; they are now closing and will continue todo eo for some years. Both of the etareaee 
spectroscopic binaries, with periods of about 3 and 9 days respectively. A third faint star, aleo a close binary, forms part of the seeepame 


* 
* 
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INTERESTING OBJECTS. Maps 9 @ 10. | 
(R.A. X. Hee. To XIV. Hee, Dec. G0'N. To 60'S.) | 
Double Stars. a 
| ErocH 1950, a 
| 
R.A, Thee, | PA. Dist, Date! Woatea 
1 Boatis 13°38™3| + 20° 12" 140°. 47 1925 A. slowly decreasing. Stars bluish, 
| E1606 CanumVen., 12 8-2 | +40 10 | 823°: : 1-0: 1926 | PA, decreasing. 
| 2 " )12 14°6 | +40 56 | 260° :11"+5 11926) Relatively fixed. 
a, 12 19 B37 +38 36 228° 19711925] Cor Caroli. Relatively fixed. 
a5 ‘: 13 35-2) +36 33 119°; 1%6'1926) Binary, period 220 years, PA. decreasing, 
| h4409 Centauri | 11 5-0 |-—42 22 967°: 1°-9:1996 | PA. slowly decreasing. : 
| 178 fe i111 31-2 |-40 19 O4°: 1°-0:1937) Little change, 
| D = 19 Lid |-—45 27 | 245": an-9 1926 | Kelatively fixed, 
| ¥ “7 12 38:8 |-48 41 23°: 0-5 :1938) Binary, period 80 years, 
| 0 a 19 S85 |-54 18 14" ; 52/1915 | Relatively fixed, 
| N i 13 48-8 |-52 34 288° /18"151919) Relatively fixed. 
k ‘8 19 48-9 |-32 45] 45, 5-9 110°: 7°G: 1922) Little change. 
h tr 13 503 |-31 41 | + 186°(15"1' 1919) Relatively fixed. | 
y + }13 50-6 |-—35 26 102"; 1"-2:1027 | P.A, inereasing. 
9 Come Ber. 12 1-7 | +21 44 aa7° 8°-9 1924) Little change, 
1639 =, 19 91-9 |+95 62 $327: O'-0:1937) Binary, /. 361 y. Widening, PA. decreasing, 
24 4 12 32:6 | +18 99 971°: 20"-1:1922] Yellow and greenish white, Relatively fixed. 
| 35 . 12 50-8 | +21 31 118°) O'-O: 1087 Long period binary, P.A. increasing, 
i 6920 Corvi 12 132 )-23 4 | 285": 1-2 1986 | #.A. 1s Inoresaing. 
, 5 - 19 97-9 |}-16 16 | a] a°/24"-95 1996 | Relatively fixed, A is yellow, 
21669 ,, |12 Sa7|—12 44 306°: 5'-4_1926) Slow increase of J.A, 
pe Crucis 13 517 | — 56 54 17° $4""9 1913 Relatively fixed, 
N Hydre 1] 29-8 |-—28 59 210°: 9*:1 1926 | opm, 
B 2 ll 50-4 |-33 38 358°: 1-2:10a2| P.A, slowly increasing. | 
OF 215 Leanis 10 13-5 |+17 59 198°: 1-1 51929) PA. decreasing, % 
7 rh 10 173 )+20 6 Lg": 4%):1934) Binary, P.407 y, PA. and distance increasing, 3 
40 1" 10 325 | + 8 55 | 158°; 3”-4:1923) Little change. I 
54 = 10 6991425 1 | 108" : "3 1025 | Slow increase of JA. & 
‘ a 11 21-3 | +10 48 | 15°; 0”-7:1937 | Binary of uncertain period. Closing. 
aa is ‘ll a3 )+ 3 17] 6 190°; 28"-9:1922) Relatively fixed. 
BS ‘ ‘i 29-2 )4+1 39 926°; 15-4 1924 | Yellow and lilac. c.p.m. 
50 eS i111 321/4+17 4 200°; 34: 1922] 9°0 magnitude star at 63” distance, 
35 Sextantis |10 408 /+ 5 1 236": 6-4 1923| Little change. 
41 : | 10 478 | - 8 38 306° 27"-3. 1928 | Little change. 
& Urse Majoris) 11 156 | +31 50 | gga". 15 1937 Binary, P.60y. Closest 0-9 in 1939, Widen- 
" = ll 18:8 | +383 22 147°: 7°°9;1920) Relatively fixed, fing to 2°-9, 1980, 
5T rs 11 #64 |+939 37 1: 551984 | PLA slowly decreasing. Comes variable} 
¢ . 13 21-9 | +55 11 150°: 1451086) Aftzar, Naked eye pair with Alcor. 
« Welorum. | 10 29-8 | -44 49 219" 1851913 | Relatively fixed. 
| i " 10 44-6 -49 ao°: 1151937) Closing; P.d. increasing. Fine contrast. 
] 
| E1627 Virgints «(12 15-6 |- 3 40 1967: 19"9' 1925) Relatively fixed. 
. 17 ss 1290-0 |4+4 5 35 q97°:19"-6' 1925 | Relatively fixed. | 
| 7 ” 12 $91 |- 1.10 q17°; 6° 721938) A splendid binary star.* 
' 8 is w4/— 6 16 543°: 7°92 21921) Test for d-inch. 10th mag. star at 71" distance. 
81 4 18 350 |)- 7 7 40°: 2°°6:1820) Relatively fixed, s 
84 "1 {13 406 |+ 3 47 ogg*: 3-3: 1024) Test for 3-inch telescope, 7 
21788 lls S34 — 7 49 ag* 3°] 1927! Binary. .A. increasing. . 
] 
: ~ 





INTERESTING OBJECTS. MAPS 9 & 10 — Continued, i oan 
(RA. X. Hea To XIV. Hes. Dec. 60 N. tro 60 S,). | 


Variable Stars. 
ErocH 1950, a. 
a ~ 
RA | Dec, 7 Var. of mag, Period Notes = 

Canum Ven. 135 46™-8 | 439° 47 61-125 | dod days | Long period variable, 
Carine 10 430 | —-59 25 [>10-T:3 ; os or» Argiis, Irregular, + 
Centauri 3 SR9 -83 21 Ar? - 10-0 if 80 days | Long period variable, . 
Hydrz 10 31 | -13 7 45-6°0 | aa Irregular variable, 

a ; 6869 —=#3 1 40 - 10-1 if 415 days Long period variable, 

. 462 | -28 7 65- BO | - a84 
Urse Majoris ot] | +59 46 96-13°1 t tha 
Virginis 379 | + 7 16 6-0-12-0 M 145 

* IS S04 | - 6 56 56-123 | | 372 


eeadgeaas w 


Nebul2 and Clusters. (Maps 9 and 10) (Unlettered Now, are those of the N.G.C.) 
4958, H.¥ 43, Canum V., 1216" °5, +47" 34’. A large pear-shaped nebula, with nocleus in the southern part. It 
is actually a Spiral with two mainarms, and many condensations. 
5055, M63 13°13" -§, 442° 18, A bright, oval nebula, §' x 3’, with central nucleus, An Sth mag. star 
closely precedes. In photographs it appears as m Spiral, with 
compact whorls, 
5194, Mol : 13887" -8 447°27', The larger of two nebulm nearly in contact. Spiral as seen in 
12-inch telescope. 
5972, M3 13°39" -9, 498738, A beautifol, bright, condensed globular cluster. The outer parts ean 
: be reaolyed into stars with a 4-inch telescope, and the whole 
cluster in a §-inch, with high power. 
$372, A300, Carine, 10°49"-0, -50°25". The ‘Keyhole Nebula,’ a diffused branching nebula round » Argiis, 
Gaseous, 
3532, A323 es 11) 4™-3, —§8°24", A magnificent cluster of stars from Sth-]2th magnitude. 
5139, a, Centauri, 13°23" 7,-47" 3’, Anoble globular cluster. Likes tailless comet, nearly 4th mag, to 
the naked eye, It is 50’ in diameter, and contains thousands of 
12th and 15th mag. stars. 
4501, M88, Comm Ber. 12° 20"-5, +14°42 A long, bright nebula, 5° x 2', with bright centre and condensations, 
| Many nebule in this region. 
4565, H.V 24, 1 12" 95" -9, + 26°16". A much elongated nebula, 15’x1, with bright centre, and dark 
aa longitudinal centre streak, The largest edgewise Spiral. 
4826, M64 “ 19° 54"°3, 421°57.. The ‘Black-eye Nebula.’ A bright, oval nebula, with a dark central 
area of absorbing matter, visible in large telescopes, 
9249 HIV 27 Hydee 10" 92™-3, — 18° 23’. Planetary nebula, 40" x 35", with brighter inner ring. Pale blue 
| tint. 2° 8. of 
587, M97 Urs# Majoris 11°11™-8, +55°17', The ‘Owl Nebula.’ A large, faint planetary nebula, 3 in diameter. 
; Large aperture, low power and clear night are required for 
a good view, 


| 


©. Virginie, A fine binary star with a period of about 190 years. Its orbit is very eccentric, In 1780 ite distance was 5-7. Tt cloeed 
egy till in 1886 (0-305 d.), it appeared single in all but the Great Dorpat refractor (/§-in- apertura), which elongated the star. The pair 
then widened, becoming an easy telescopic object, and reaching ita widest (6°"2) about 1920. It ia now (1009) slowly closing, and © i. 
again appear single, except in large instruments, about the year 2076, ; ee i 
&™ + 9 Carine. It waa secu aaa 4th magnitude star by Halley in 1677, and oscillated between that neers ea till 1804, whe 
it began to rise, reaching let magnitude in 1827. [t fall ta 2nd magnitude for about & years, rome to mune. Q U 48, erat 
hada soenewtiak and then, in 1843, became mag, —1°0, sbout as bright aa Canopus, Prom that mmsimum it deeligesd 


! a 
ft i | r : 


invisible to the naked eye about 136-68, 7th mag. 1370. Since then it hae not changed much in brightness, ‘Tt haa» poowliar : pecreS 
with bright lines, and should, perhaps, be clawed with the Nove. j 
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| 
Double Stars. 
Erpocu 1950. 
RA. Dec. 
ie Boutis 14°11" 7) +52" 1° 
£ ; 14 144 | +61 36 
ZiaI5 14 20-9 |+ 8 40 
s ie 14 384/416 38 
¢ x 14 388 | +13 57 
7 4 i4 42-6 | +27 17 
89 si 14 48-0 | 448 55 
E » |14 490] 419 19 
44 “ 15 22 /)+47 50 
é 4 15 135 [+33 30 
yo sf 1G 28-7 | +37 82 
15893 Centanri | 14 19° |-58 14 
» Corone Bor.) 15 21+] +30 28 
: a 115 37-5 | +36 48 | 
o 116 123 |+33 59 | 
17 Draconis | 16 35°0 | +55 
i mt j1i #3 )}4+654 33 
¥ we 117 31°23 | +565 138 | 
K Herculis 16 68/417 11 
t - 16 39-4 | 431 41 
E2107 Vs 16 49°68 | 426 45 
a 7 117 124/414 37 
a = Ll? 130 |4+ 24 b4 
ff at l7 720 4-37 1] 
Sees ‘4 1 449/417 40 
90) + Ll? sly |}+40 1 
95 » 17 594)421 86 
uw = Libre l4 46°6 |-13 57 
rT Lupi 1d DT |-46 61 
1 ‘ 15 150 |-47 42 
p  Ophinchi | 16 22°64 |-93 20 | 
| A, 36 rs 117 12:3 | —26 30 
. ou rT 117 160) -—94 14 
r " 18 O4d)- 8 i 
£ Seorpi (16 16]-11 14 
pb r 116 2:5 |-—19 46 
¥ nS 116 1] | 18 32 
or ro 16 18-1 —35 29 | 
i # 16 265 es 26 O() 
E1919 Serpentis | 15 10-6 | +19 28 
6 + 15 168 |/+ 1 58 
é ss 15 323-4 /)+410 42 
B s 15 439 |}415 35 
21833 Virginis [14 200 |)- 7 3 
e - 114° 256 |)- 3 





INTERESTING OBJECTS. Maps 11 & 12. 
(A.A. MIV. Hes. To XVII. Hes. Dec. 60'N. To 60'S.) 
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Barr 


1o0" 


1007: 
153°: 
a34°: 
45° 
13°! 
248"; 2 
36° 
161": 


aga: 
1804": 


294": 


111": 
102": 
$12" 6 


13°: 
234° 
50" | 
113"; 
208" ; 
S15°: 
289" | 
193°: 
259": 


348°: 


Ta" 
150°: 


850°: 
igi": ¢ 
14a": 
180°: 
| 355°: 
+65" ay 


905° : 
a3" 
$36". 
2i2 je 
S75": 


10° :3 
ST" 
181": 
965° 3 


174" 
110° 


Dist, 


mites 


' 1925 
‘3: 1935 | 
9! 1024 | 


G  1925 
: 1035 
i Heo 
1934 | 
1028 | 
1026 
1924 
{O24 
(1936 | 


1936 


‘1984 


1924 
‘+ 1838 
‘1026 
"3: 1025 
1925 
1936 


Dine 
12s 


“4 1929 
“d '1925 
1936 
1936 
193) 
:To22 
:1937 
19387 
1928 
‘8; 1938 


‘6 1913} 
41997 | 


4: 1926 | 
1937 | 


1925 


1937 | 
4/1986 
Bi 1926 
1916 
1935 


"a! 1996 


"71823 
“sh 3 1827 


8: 1925 | 


1926 
T1084 





Notes 
Little change, 
Relatively fixed. 
Comes a close binary. Period 40} years. 
PA slowly increasing. Probably a physical pair, 
Binary with very eccentric orbit. 2. 190 yra. 
{ Pweherrima of Struve. Yellow and blue. 
| #.A. slowly increasing, ‘Teat for 2-inch. 


Binary, /.152-yra. & increasing toT"*2 in 1083. 
Binary, £. 205 years. Highly inclined orbit, 
No change since 1822, | Closing. 
Binary. Period about 250 years. pl at LOD a, 


= AID9. Relatively fixed. 


Binary. £.42 yre, Widening to 1"'l in 1950. 


Beautiful object. Little change, 
Binary, Very long period, 


16 Draconis, 5-0 mag., 904 distant. 
Binary of very long period, JA, decreasing. 
viands*, «p.m, Fine object. 


Little change since 1822, 

Hinary. Period 34 years. Widest 1°-6, 1954. 
Long period binary, Widening since 1900, 
Orangeand green; Ais variable. Little change. 
Anoptical pair, Distance diminishing, 

Very slow increase of PA, 

P_A, slowly decreasing. 

Gold and blue, 

Very little change in either P.4, or distance, 


Test for 24-inch telescope. 


PA, decreasing. 
P.A. decreasing. 72 mag. star 24” of 


Binary. ; 
Binary. Period 155 years. Closest in 19465, 
Test for 6-inch telescope. [ tance. 


Binary of very long period; slow change of dis- 
Orange and blue, Fixed optical pair. 
Binary. Period 224 years, 


Binary. P.44)-yra, 72. mag. starat 7°4, 1925. 
A has es close comes, mag. 85, at 0'-8, T027, 
Both A and BG are close doubles. 

No change ainee 18232, 

Antores. Ted and green. No certain change.* 


Relatively fixed. 

Very near the nebula M5, 

Binary, /.A, decreasing, distance increasing, 
Relatively fixed. Test for 24-inch. 


Little relative motion, 
Test for 3-inch telescope, 
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INTERESTING OBJECTS. 


Variable Stars. 

Erpocuw 1950, 

Ri. A. Dea. 
R  Bodtis 1 14535™-0| +26" 52 
34, 4 14 41-2 | +26 44 
R Centauri 14 13:0 | -59 41 
S  Coronx Bor, 115 19°3 | +31 33 | 
Ri ‘i 15 46-4 | +298 19 
T ss 1h bT4 | +26. 4 
50,¢ Herculis ig 270 | +41 59 
s a 6 407 | +15 2 
ir x 17 124 | +14 27 
i 17 185 | +35 9 
6 Libre 14 583 | — 8 19 
U = Ophiuchi lj m0 | + 1 16 
¥ is I7 600 | -— 6 8 
X  Sagittarii 17 445 | -27 49 
RE Scorpii 16 534 | -30 30 
RK Serpentis 16 484 | +15 17 | 


Nebul# and Clusters. 
16" gg 


6205, M13, Herculis, 


6210, S5N s 
6341, M92 ‘4 
6067, 4360, Norms, 
6273, M19, Ophinchi, 
6494, M23, Sagittarii, 


6093, M20, Scorpii, 


6121, M4 i 
6405, M6 ji 
6475, M7 e 


5904, M5, Serpentis, 





MAPS 11 & 12 — Continued. 


(R.A. XIV. Hes. To XVII. Hes. Dec. GON. To 60'S.) 


16" 42" 
Th ipm 
16» gm 
16" 59" 
172 h4m 
16" L4™ 
16" 20™ 
178 36" 


17750" 
15°15" 


9, +36" 33°, 


4, 493" 54’. 
6, +43" 19’. 


“ff, — od" G, 


5, 26" 1%. 


Oo, —19" IY, 


‘}, — 37°51". 
‘§ — 26° 24. 
T, —32 ID. 
T —S4" 48. 
$+ 2°16’, 





(Maps 11 and 12) 


Var.of mag, , Spectrum Period Notes 
60-130 Me 222 days | Long period variable, 
52 - 61 KS iz Irregular variable, 
53-13 Me 500 days | Long period variable. 
6-1-12 Moe 01 2 “ 
58-125 Peo | ze Irregular variable, ft 
20-95 Pee a ‘s a 3 
47-60 M2 a ‘3 . 
69-125 Me | 800 days | Long period variable. 
31-39 M? es | Irregular variable. 
4-8 - Bed Bo 205 days | § Lyre type. 

‘8-6-2 AQ 233° |; Algal type. 

aT - O67 BE | 168 = = 
6°1-6°5 GO el i» Cepheid type. 
43-50 Fs | 701 , | ts ' 
56-11°3 Me 379 on Long period variable, 
56-134 Mae S5T ys Long period variable, 





(Univttered Noa. are Chow of the NGC) 


The ‘Great Closter in Hereules'—a prand globular cluster of thousnnds 
of stars, just visible to the naked eye, about } the distance from 
y tot Centrally resolved in 6-inch telescope. 

A small, bright, planetary nebula, with a bluish dise about 8" in 
diameter, and surrounded by a faint glow. sep 51 Herculis. 


A very fine globular cluster, about §’ in diameter, resembling M14, 
but smaller and closer, It forma a triangle with © and 4. 


A Jarge rich cluster, 20’ in diameter, composed of stars of 10th-15th 
magnitude, 

A fine globular cluster, 5’ in diameter, Very low in the latitude 
of British Isles. 

An open cluster, 47° in diameter, with stars of 9th-l3th mag, Fina 
low power field, 

A bright, and much condensed globular cluster, A mass of faint stars, 

Easily resolved cluster of rather faint stars, 15’ in diameter, 

A most beautiful open cluster of atars ‘like a butterfly with open wings.’ 

A brilliant open cluster of bright stars, visible to the naked eye, 


A fine globular cluster, 15° in diameter, composed of 11th-15th mag. 
stars, with much-compressed centre. Closely np 5 Serpentis, 


© Antares waa so named by the Greeks from its similarity to the roddy Mara (Greek, Ares) in regard to colour, Tt is a very luminous 
‘super-giant’ star (Spectrum MO), with a diameter of about 370,000,000 mile Ita comes, green in colour, is not usually seen except when 
atmospheric conditions are favourable, , 

+ R Coron Borealis, For several years, sometimes as mony a8 nine, this star remaina at itanormal brightness of about (ith magnitude, 
Then it decreases rapidly by several magnitudes to a minimum magnitude of 123. After a ahort time, or after several years; during which 
minor fluctuations occur, it rises again to its normal brightness. 


+ T Corona Borealis—the * Blaze. Star.’ 


In May 1546 thia star rosa auddenty from 0b to 2nd magiltude, Nine days later it became 


‘invisible to the nuked eye, and after a few weeks it fell to the 9th magnitude, It revived to 7th magnitude and then decreased to 0° 


—aa at preeent. 
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INTERESTING OBJECTS. 


Double Stars. 


12 Aquarii || 215 14 


E2404 Aquila | 18 





11 ie 
aah ‘ Ig 
E2539, [9 
Tr oe 19 
ala? § = Capricorni a0) 
a es Bu 
w= 20 
i 84 20 
o ; 1 20 


22TRO Cephel 8] 
] 
h5014CoronmAns. 18 
Kx a4 | Ls 
7 a 





B z Io 
16 7 Lo 
3 | = FIs 
ye 1 /19 
2671 +i ) 20 
9 2~|SC,~SC* 20 
- + 130 
E2741, 2S 20 
61 ae , ad 
T 1 1 
¥ Delphini | 20 
50 Draconis | 15 
E Equulei 20 
100 Herculis | 15 
E2280, 1S 
i Indi 21 
a Lyre 18 
a! mF 18 
«2 = 18 
( oe 18 
7 yn = LY 
70. Qphiuchi | 18 
oe i 18 


59 Serpentis 
22375 i, 





Erpocow 19850, 
B.A. Dee, 





#34) +10 85 





h6-8 |) +13 
160 }4+ 1 
TT 1+ 3 
46-4 | +11 
149 213 
153 | -—12 
94-5 |-18 
260 |-17 
97-0 |-—18 


4+ 59 


a: | —45. 26 
79-9 | —38 
5] |.—37 
10-8 | +49 
287 | +37 
40-6 | +60 | 
43h | + 45 
54-4 | +52 
17-2 | +55 | 
a9) | +32 
43-6 | +30 
56-9 | +650 
ded | OB 
12-8 | +37 
$44 |) 415 
33°23 | +66 
Doh | + 4 
58 | +26 
Vo | +16 
163 | —~§3 
ooo | +398 
42-7 | +59 
427 | +499 
43°0 | +97 
12) | +39 
ao | 4 8 
Sef | 419 
42-4 | #48 
S06 | - 42 
24-6 | + 0 


43-04 5 


S3-7)+ 4 8]. 
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Date 


2 124) Test for 2-inch telescope, 


‘£:1936) Helatively fixed, 

y"-9-1026 | Optical pair. Test for 2-inch telescope. 
: oo 1O20 
Sag | 1923 
1937 


r=] 21924 | 
4.) 1826 
"1025 


"9: 1923 
: | 

‘151933 | 
E | 

"1933, 


16: 1913 
| 2g 1035 


1926 
‘1824 | 
: 1924 
1936 | 
127 
124 
1925 
(1925 | 
:1926 
‘1928 | 
1926 


1931 
1926 
(1925 | 


1993 
1936 
1936 | 
41085 
e-071935 
"9: 1935 
‘Ti 1024 
‘211995 
61987 
1924] 


911024 | 
1 1086 
"0 1981 


“ed! O36 
eS: 188 


MAPS 13 & 14. 
(R.A, XVIIL Hrs. To XXII. Hes, Dec, 60°N. ro 60'S). 


| Naked eye pair, a!, 9 mar. comes at 45", 











i 
t 





N obee. 


Comes best seen with high power. 
Light-test for 24-inch telescope, 
Little change, Test for 3-inch teleseape, 


G is-a close double, Test for 6-inch. 
Relatively fixed, 

Distance and £4, slowly decreasing, 
Relatively fixed. e.n.m. 


Test for 4-inch. PA, slowly decreasing. 


Binary, period about 200 years, 
Relatively fixed, 
Binary, period about 120 years. Test for 2-in. 


Beautiful field.  ¢.p, 1m. 

Yellow and blue, Grand contrast, 
C.9, 17, 

Long period binary, 321 years. Test for 4-in. 
Slow decrease of .d, and distance, 
Test for 2-inch telescope, 

Yellow and blue, 

In the branching nebula. 6960, 

Test for 24-inch telescope, 

Distance increasing from 16", 1780.* 
Binary, period 49 yeara. 


Yellow and emerald, 


Triple star. 
Triple. A+B form «close binary, F, 101 yrs, 


Two faint comes, 
Decrensing JPA, 
& 


PA, decreasing, distance increasing. 


Fea, An optical pair, Distance increasing, 
The "Deuble-double” «! and «* are at 208" 

‘ distance; each ts a binary. 

Helatively fixed. 

Three other small pairs in o low power field, 


Binary, P. 88 yrs. Widest 67,1933. Closing. 
Relatively fixed, 


A ie an extremely close binary, #, 11:4 years, 
P_A, increasing. 
Relatively fixed. 


Test for 24-inch telescope, 
Fine pair. ¢.p.m. 














INTERESTING OBJECTS. Maps 13 & 14— Continued. 
(F.A. XVII. Hes. Tro XXIL.Hee. Dec. GON, ro 60°S.), 





Variable Stars. 
ErPocH 1950, 
B.A. | Dec. jj Var.of mag. |] Spectrum Period Notes 
I Aquile 1? 47-0) + 5 OF 58-120 | Mae $10 days | Long period variable, 
a «x 19 266 |-7 9] 62-69 | Go | 702 ,, | Cepheid type. 
y a 19 600 | + O 53 | of -4°6 (CO LG ys s rs 
p Cephei 121 419 | +58 33 aT-47 Ml po Irregular variable, 
62-70 Fh a6 days 





19 428 | +29 3 | Short period variable, 


19 48-6 +2 45 9-137 Mep i Long period. Mira type. 





SU 
x 
A u 20 415 | +38 26 9-70 Fip ! 164 ,, Short period variable. 
W " Zl 341 +45 9 o-O- 67 M3 } 13: . I | Long period variable, 
@ Lyre 18 48:3 | + ao 618 a4 - 4°] B2p | 291 ,, | The typical Lyrid variable, t 
R “ 18 53-9 +43 53 0-4-7 M3 so4 [rregular variable, 
S  Sagitte 19 63-8 | +16 30 5-4-4" iO a38 , | Cepheid type, 
W Sagittaril 16 16 | -29 38 4-8-6°8 Fi 75S .,, 7" ‘i 
¥ id 18 185 | -—I18 53 54-6°5 GO 1 7T BH = 
KK Seuti 18 449 | = & 46 4-7-7°8 op a [rregular variable, 
TT Vulpeculm (20 493 | +28 3 o2- Ord Fs 4°44 days | Cepheid type, 
L 





Nebul2 and Clusters, (Maps if and 14) =f Unlettered Noa, are those of the N.G.C.) 

7009, BLIV 1, Aquarii, 21" 1" °4,-11°34. The ‘Saturn Nebula.” A very bright, bluish, Planetary nebula, 
95° % 17". The thin rays or ansae are seen with large telescopes 
only. Precedes r, 

7089, M2 s 218 d0m-9, — 1° 4. A globular cluster about 7" in diameter. A fine object in large 
telescopes, 

7092, M39, Cygni, §921"50™5, +48° 13. A large, open cluster of bright stars, well seen with low powers, 

6720, M57, Lyre, 18°527 0, +92°58. The ‘Ring Nebula.’ 4} the distance from 6 towards y, An oval, 
plane lary, 80" « 60", which bears magnifying well, A faint star 
J is seen in a 4- death The fainter central stards visible in large 
instruments only, 

6572. =6, Ophinchi, 15°10" °2, + 6°50. A small, but extremely bright, elliptical planetary nebula, 7" in dia- 
meter, ofa bluish colour, It is, perhaps, the brightest of its kind. 

7078, M15, Pegasi, 21527" 6,411°57. A grand, bright, condensed globular cluster, 6° in diameter, blazing 
in the centre, 

6523, M8, Sagittarii, 18° 0" -6, -—24° 25°, The ‘Lagoon Nebula,’ visible to the naked eye, An ill-defined nebulosity 
with dark patches and stars, followed by an irregular open cluster, 

6618, M17 3 186 18"-0, —16°12". The ‘Omega’ ({!) or ‘Horseshoe’ Nebula. .A bright and large nebula, 
in shape something like a figure 2, with along, bright bottom 
atreak, 

6656, M22 s 18°55" °3 —23°57. A large, bright, globular cluster, about 15° in diameter, between p 
and«, The larger starg are ruddy, 

6705, M1ll,  Seuti, I8'45"°-2,-— 6°20°, A grand, fan-shaped cluster, with bright star at apex. Dark 
structures to the south, 

6853, M27, Vulpecule, 19°57 4, 4+22°935. The‘ Dumt-bell Nebula.’ An ellipse with faintly luminous notches, 
Seven stars—probably unconmected—are visible in a 10-inch 
instrument. 


* 61 Oygni. The first star to have ite parallax determined, by Beserl in 1838, The two stars probably form along period binary system, 
elnoe they have the same parallax, and the path of B relative to A is slightly concave, 
+ Ai Lyre, The typical * Lyric * or ' Bright- eclipaime * variable, Tt has two unedptal minina (tna. o°5 amd 4*]), aeparoted by twa 
equal ninxime (mag. 3-4). The tariatione of light are due to the mutual eclipee of two unequally bright stars, very close together, ancl 
ellipsoidal in shape os the reeult of tidal distortio:, Period }201 daya, 
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INTERESTING OBJECTS. MAPS 15 & 16, ©. or -60 Dec) 
COMCUMPOLAR, SouTH), 
Double Stars. 
ErocH 1950. 
B.A. Dee, Maga. That, Dnte | Notes 
T2536 Apodis 14°48™+1) —78" O°] 5-7, | 1-9:1926) P.A. inereasing, 
LT507 6 18 G3 |} -73 41 | 5-9, 2°02 1826 | PA, Increasing, 
C Carine B 14-5 | —62 46 || 6:3, 3:8 1917 | Little change, if any. ‘ 
h4128. =, § 38:2 |-60 9 | 6-4, "5: 1934) 4. and distance slowly decreasing, 
L346, 9 176 | —74 41 | G4, 7-0: 1926) A is a close double; distance 0-4, 1927, 
h4213 Si, 0 243 )-61 441760, 9-4 B°°8:1017 | Relatively fixed. 
| u ‘i | ® 45°90 | —64 50 | 3-2, b°°0 1926) epi. Relatively fixed. 
h4306 110 175 |—64 26 | 7-0. 2"-3:1918| Little change. 
h43a3—Si,, 10 520 |-—70 27 } 66, 1"-6:1917) Little change, if any. 
Ki64 ‘5 10 57:2 |-61 3 9 64,10 | O"-51027 | Little change, if any, 
Cor 33 Centauri [14 11:4 |-—61 28 | 6-7, $0: 1920 | = Cor, 167 (Innes), 
a i l4 366 |—60 38 | 03, 4" 7 19236) Splendid binary, £. 80 yrs., 2nd nearest star, 
6 Chameleontis) 10 45-2 | —80 12 | 6:1, ' Ob 1926 P.A. inereasing, 
« 7 ll 57-0 |-—77 57 || o-4, : 1"-1:1922 |) Slowly increasing PA, 


. Circini 14 58-5 | —64 45 a45 i §"-6:1925 | Yellowand red. ep.m. F.A, slowly decreasing, 




















a Crucis (12 36-7 | -—62 49 9 1-4, 7 4-7 1996 Relatively fixed. Test for l-inch, 
é ” (12 42:7 |—60 43 | 4-7, 26°+4:1922) Deereasing P.A. 
h3568 Hydi =| 3 9-0 |-—79 11 | 5-7, 1541919! Relatively fixed, 
h4432 Musee [11] 21-4 |—64 40 | 5-7, a5 1018 | PA, increasing slowly, 
Li920 Ss 11] 49-4 |-64-56 | 5-2, IB iiDLG | as at aie 
h4i98 Ss 12 38 |-65 36 | 6-2. 87 1918 | Little change, if any. 
Bf 1 12 43:2 |-67 49 | 3-9, : 13) 1994 | Pua. increasing. 
@ 8 IS 49 /)-65 2 | 5-8, 5-7 1922) Relatively fixed. 
h4813 Norme [15 51:3/—60 2 | 64, - 9-8 1997) Relatively fixed. 
R38 Octantis 3 508 |~85 26 | 67, i grey ora No change since 1877, 
A ‘ 21 435 | #82 57 | 5-6, o°1 1926) 2.4. decreasing. 
£ Pavonis 1s 1&6 |-61 31 |) 43, 7 3°55. 1938 | Little change, Colour contrast. 
R3l4 ly, 18 496/73 3 | @3. - #01919! P.d. and distance increasing. 
L&o50 “ 99 47-5 | ~62 37 || 5-8, os"; aT 7 1926) —Hmk 26. /.A, slowly decreasing. 
LS625 i, 91 40/-75 22] 58, 7 8"-1:1901| A doubled by Innes 1898, Not seen, 1900, 
Id Pictoris 6 37:5 |-—61 28 |] G4, a0 1995 cm, 
| 
@ Reticuli | 4 171 |-63 93 | 6-2, : 4551017 |. = ns 
h3670 =, | 4 33-1 |—62 56 | 6-9, [32-0 ' 1917 | Little change, if any. 
- L6477Triang.Aus.| 15 43-6 |—~65 17 G4, #11936) =Rmk 20. fag”. 
h4609_ —Céi, (15 50-7 | -60 36 | 6-5, 1"-4:1924 | =Sellors 11. h's comifes 9th mag. at 43" and 
a Tucane Oo 29-5 | -~63 14 | 4:5, aT] ‘1916 ‘Superb Object.’ Gth mag, star at O'-2, 1925, 
| x re } 1 40)/-69 § 7 5:1, 5" 41930} Low power field includes 127, a close binary. 
| hd426~—C, 1 1 Les | -66 40 } 6-3, 971920] ep.m, 
5 - 22 23-5 |-65 15 || 4-8, 292°: T":1916| Relatively fixed. Colour contrast. 
1340 “ a2 49-0 | -63 27 | 6-1, ; 11:1987 | PA. decreasing. 
: Volantis 7 92/)-70 25 | 9-0, age? 1 3"-4 ? 1922) No appreciable change. 
h3997T = | 7 36-4 )-74 10] 72, ‘? 9": 1930 | P.A, slowly increasing. 
f " 7 423 |-—72 29 | 3-4, 16"-7.1917| Relatively fixed. ex 
e 24 8 T8!—68 98 | 45, 6151922) Littl change, <A is a spectroscopic binary. 
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INTERESTING OBvecTs. Mars 15 & 16 — Continued. 


(CimcuMPOLAR, SOUTH). 


Variable Stars. 


Erocw 1950. 





: R.A. Dec, Var. of mag. SOLA Period Notes 
 Apodis | 146 O@-6 | —76" 33°] G1l-66 | Mos Irregular variable, 
KR Carinz | 9 31-0 | —62 34] 45-10-0 Me 309 days | Long period variable, 
: | 9 499 | -62 17]] 36-5-0 Gao. | 35-5 «, | Cepheid type. 
5 rs lo TR | =61 169] 58-90 | Me 149 Cy, Long period variable. 
R  Doradis | 4 363 | -62 10] 57-68 || M3 | 360 ,, , - 
RK Musce 12 390 | -09 8] &5-TO | GS O88 ,, Short period variable, 
«  Pavonis | 18 51-8 | -67 18 | 40-55 FS v10 4, | Cepheid type. 

Nova. 


Nova Pictoris, 1925. 6° So™-+2 -—62" do, 

Discovered by R. Watson, in South Africa, in the early morning of May 95th, 1925. From its magnitude of 
4 on that date, it rose to mag. 1-7 on May 26th, but by next day had fallen to below Srd mag, It then brightened 
agnin, reaching mag. 1-1 on June 9th, fell to may. 4on July 4th, and rose again to mag. 1°28 on August 9th, From 
that brightness it fell, with minor fluctuations of light, till on Dec, 26th it was about 6th mag. In 1955 it was 
about $th mag., at which it had been for some years. In March, 1928, it was found to consist of two nebulous 
components about 0"*5 distant from centre fo centre. 

An examination of photographic plates, that-had been taken before its discovery asa Nova, shewed that it 
had been of about 12th mag. (1911-1925), and had risen to 3rd mag. on April loth, 1925. 

The position of the Nova is about 7° from the N.E, edge of Nubecula Major and in Galactic Latitude — 26", 


Nebul2 and Clusters. (Maps 15 and 16) = ( Unlettered Nos, are those of the N.G.0,) 

ch 11™ ‘0, - §4° 39". A. large, rich, globular cluster of 13th to 15th mag. stars ‘ hikes the 
finest dust,’ 5 in diameter, The centre is a blaze of closely- 
packed stars, 


9808, A265, Carinm, 


5766, 4289, Centauri, 11 39"-9, —61°20°. A fine cluster, visible in a binocular, containing at least 200 stars of 
Sth to loth magnitude, 

12° 50™-7, —60° 5°, Surrounding « Crucis, a fine red star, A brilliant and beautiful 
cluster of over 100 stars of various colours ‘like a superb piece of 
jewellery. 


47595, 4301, Crncis, 


9070, 4142, Doradis, fh som-], —69" 9°. The ‘Great Looped Nebula’ round 40 Doradis A large and bright 
nebula, extremely complex in structure, It is visible to the 
naked eye in the larger Magellanic Cloud, or the Nubecula Major, 


6752, A295, Pavonis, 19° 6™-4,-60° 4. A large, bright, globular cluster, 18 in diameter; stara irom 11th to 
loth mag. 

6025, A304, Triang. Aus.15"59™-4, — 60° 21', A bright, open cluster of stars from the 7th magnitude downwards, 

104, AIS, Tucanm, Ohoy= 9 —72°22. 47 Tucane, A moat glorious cluster of 12th to 14th magnitude and 
fainter stars, the central portion being much compressed. Visible 


to the naked eye as a hazy 5th magnitude star near the Nubecula 
Minor. 


1® o=-7, 71" 6. A globular cluster, 10' in diameter, of 15th to 14th magnitude stars, 
with a central blaze of closely-packed stara, It is just visible to 
the naked eye as a 6th magnitude star. 


362,462, 
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INDEX TO THE CONSTELLATIONS. 


With tie genvber af the Map an which each we sieeve, awd the ajprominutie rherte af culmination of 
a point on tts central howr of Right Ascension at O pon, and Midnight, 


For each Hour earlier or later than $ p.m. or midnight—j| For each Week earlier or later than dates below— 


















































Farlier—Add 15 days to dates given below, Fortiers—Add 28 minutes to $ p.m. or midnight 
Later—Subtract 15 days from _,, “i Eater—Subtract .,, from ,, ‘3 
rE : = ee ge 2 es J 
5 Aisne, Date) Appa, [bate | - Aywnrmx, Dini | akg run, [ 
coeattistion cenicie | Rn | Celina | Ceetaion |e Geuitive | Rath | Ctl’ | Catan 
; | Ee he an 1 a it = eee 
ANDROMEDA Andromedm 3 Nov. 23 | Qot. 9 Ixpuat ... ae Indi 14,15) Sept. 26 | Aug. 12 , 
Awrorat ... ... Antiv| 8,10 | Apr. 10 | Feb, 24 |) Lacertat .-. Lacerty | = 3 Oct, 12 | Aug 28 
Apost ... we -Apodia 16 July & | Mny 21 Lea a .. Leonies| 7, 9 Apr. 15 | Mar 1 a 
AQUARITS i Aqueri] 4,14 | Oct. 9 | Aug. 25 Leo Mivor! Leonia Minoris | 9 Apr. 9 | Feb. 93 | 
AQuina —F ree eto 13, id Aug. cnlh | duly lo LEPUS sea 1» Leporis 6 Jan, 78 | Dee ]4 i 
tee ea sa Are | 12,16) July 25 | Jane 10 LIers fice i. Libro | 7? June 25 | May § 
Anco” {See Carina, VELA, | 8, 10, Lcvrocs ... a, Lop 12 June 23 | May 9§ , 
and Pures) | 16°) | Lywxt .w Mymels| 4,7 | Mar, 5 | Jan. 19 i 
Anres a4 ... Ariotin 5 Dec, 14 | Ore 30 LYRA iat « Lyre 13 Aug. 18 July 4 : 
AURIQA i. ... Aurigs | 5, 7 Feb, 4/ liee. 2] Messal ... os Monee | 15,16) Jan, 28 | Deo, 14 f 
Bootrs ... ca Potts | 11 | June | May 2 Miecroscorium! Mieroseopii 14 | Sept. 18 | Aug, 4 | 
Cartcnh! .. os Cli 6 Jan. 15 | Dec. 1 Alowocerost Monocerotia| 7, § feb, 19) Jan. 6 
CAMELOPARDUS!Cumelopardi; {, 2 | Feb, 6 | ltee 23 Mirsca’ ... +» Miveen 16 May [4 | Mar. 30 : 
CANCER ... i. Cancri| 7 | Mar. 16 Jan. 30 || Nommal ... .. Norme) 12 | July 3 | May 19 i 
CANES Veraticn on an 0 | May 22 Apr, 7 Ocrans! .,, . Oetantis | 16, 18 | Cireo m polar i 
Qaniw Mason Canis Majoria 8 Feb. 16 | Jan, 2 Orica Ophiuchi | 11,12) July 26 | June 11 — 
Canis Miwon Canis Minoris F Feb, 28 | Jan, 14°) Opios Lin es. Olrioinia 5, 6 Jan. 27 | Dee, 13 | 
CAPRICORNUS Capricurni 14 sept, 22 | Ang. 8 Pavot us. -». Pavonte 16 Aug. 29 July 15 rh 
Canmal .., a. Cari | 8, 16, Mar. 17 | Jan, 31 || Peeasts ... ... Pegnal a Qet. 16 | Sept. 1 - 
CASSIOPELA Cussiopsioe | 2. § | Nov, 23 | Oct. 9 || Pensevs ... ane Pareni 5 | Deo, 22) Nov. 7 2 : 
CENTAURUS ...Centauri | 10, 16 | May 14 | Alar. 30 | Proksix! Ploomicis 4 | | Nov, 18 | Oct. 4 . 
CREPHEUS ... ae Cepia 2 | Nov. 16 | Sept, 29 | Preror? ... .» Pictoris |-§, 16 | Jan. 30 | Dee. 16 h 
GCerus. ..: a= Ceti) @ 6 |: Sov. 29 | Oct. lo] Pisces: oe Fisciam | o | Nov, 11 | Sept. 27 : a 
CHAMAKLEON! Chameleontiz id Apr. 15 | Mar, 1 || Prec Acsreinvs retail 4 Och 8 | An r 20 : K 
Cikcimust eee Circ 16 | tine 14 Apr, or Purris' ... he “aed § Feb. 29 an, = F 
CouumBat Colum be 6 Feb. | | Dee. 18 Pyeigt  .:. wae Poplin 8 Mar, 21 | Feb. 4 : 
Coma Berentcest “Qoenicin| 9 | May 17 | Apr. 2 || Berictom! tins Retioali | 16 | Jan. 3 | Nov. 19 : M 
Conowa AUSTRALIS y oaratle | f4 Aug, 14 | June 30 PS AGITTA ss cx Bagitte | 13 | Ang, 30) July 16 wie 
Conoxa HoOREALIS ts 11 | July 3 | May 19 || Sacrrrartue Bagitterii 14 Aug, 21) July 7 i, 
Convua ... + Cori; 10 May 12) Mar. 26 SOORPIUS ess SOorpii 12 July 18 | June 3 t 
CRATER. ss: o. Crateria | 10 Apr. 26 | Alar, [2 SCULPTOR ' Seoul paris 4 Nov. 10 sept, 2h 
Cooxt  ... ~» Crocts| [6 May 12 | Alar, 23 SouToM! ... ... Scutl| 14 Ang, 15) July 1 
Cronus .. aoe Cyan | 13 Sept. 13 | July 30 SVRPENE ... Serpentis! {4 July 21 | June 6 
Denes .Delphini} 13 | Sept, 14 July o] || Suxranat Sextantis| 9, 10 | Apr, 8 | Feb. 23 
Dorapo! ... Decadal | 15, 16) Jan. 31 | Dee, 17 TAURUS ... a | Tern 5 dan, 14) Nar. 30 
Draco ow. ...Deconis| 1,2 | July 8 | May 24 || Tenescopiumt Telescopii|] 14 | Aug. 24 | July 10 
Eguvuniice .. Equuilei} 28 | Sept. 22 | Aug. 6 TRIAKGULUM Trisngull a Deo. 7 | Oct, 23 
LERIDANUS... va Eridani} 6 Deo, 25 | Nov, TU eee Seis | l July 7 May 25 | 
Forxax! ... _++ Fornacia 6 | Dec, 17 | Nov. 2 || Tooawa? ... . Tucane| 15 Nov, 1] | Sept. 17 | 
GEMINI ... Geminoerum | 7 Feb. 1f ain, fi Trea Maton Ure Majoris 1, 0 Apr, 7h | Mar. 1] 
Gris! ne we Gros | 4 Qet. 12 | Aug. 28 || Unsa Mixon Uree Minorks 1 June 27 May Id 
Hepccies a. Herculia 11 July 25 | dune 1a Vecal  .. Velorom | 8, 10 | Mar. 30 | Feb. 19 
Howoioaros! Horologii| 6, 16 | Dec. 25 | Nov, 10 Winco 4... ... Virgins | 9, 10 | May 26 | Apr. 11 
HypRa  ... -- Hydre| 8,10 | Apr. 29 | Mar. 15 || Vorans! ... «+» Volantis} 16 | Mar. 4) Jan. 18 
Hyroavst... a Hydeli 265 Dec, 10 | Oct, 26 1 Vutpeccia! Vulpecutce | 413 | Sept. @ | July 25 


* The anelent constellation of An@o NAYIM ia pow divided into the scpnrote constellations of Carma, Vela, and Pores, but only one 
eequewee Of Greek letterste deed in the three constellations, 
+ Constellations so marked have heen added since the time of Frolemy about 4.0, 100), 








